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FOREWORD

This report was prepared by Genera l Dynamics ’ Fort
Worth Division for the Aeronautical Systems Division , ASD ,
Wright-Patterson AFB , Dayton , Oh io , under Contract F33615-75-
C-5289 . It covers an analysis of the test data from an ad-
vanced research inlet test.

In this program , a simple , open-nose , normal-shock
inlet was designed and tested in the influence of a wing-
body flow field , which at supersonic speeds has its associ-
ated shocks and precompression effects. To evaluate the
inlets per formance and operation , the General Electric FlOl-
GE-l0O engine-airflow and compatibility characteristics were
selected as the criteria. The report documents inlet per-
forrnance and compatibility from Mach 0.55 to Mach 2.0 for a
primary inlet configuration and from Mach 0.55 to 1.5 for
an alternate inlet configuration.

Mr. Paul Fruge ’ was the ASD Program Monitor . Prepara-
tion of this report was made by C. C. Mann and J. E. Garner
of General Dynamics ’ Fort Worth Division.
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LIST OF ABBREVIATIONS (Cont ’ d . )

Symbols Units

FF Flow Fie ld

FS Fuselage Station , X inches

Flt Flight

Ft Feet

FUS Fuselage

GD Genera l Dynamics

GE Genera l Electric

GLV Glove

H Total or Stagnation Pressure , 
~T ps ia

H0 Free-Stream Total Pressure , 
~T0 

ps ia

H/H0 Pitot Total Pressure Recovery

L/H Inlet , Average Total Pressure
Recov ery,  RECL , PT2/PT0

IDCL MAX L/H Inlet, Maximum Steady-State
Circumferential Distortion Index

IDRL MAX L/H Inlet, Maximum Steady-State
~~ Radial Distortion Index

IDL MAX b KC IDCL MAX + KR IDRL MAX

K Thousand

KC Circumferential Distortion
Sensitivity Coeff icien t

KD2 Pra tt and Whi tney Distortion
Para meter for TF3O Eng ines

KR Radial. Distortion Sensitivity
Coefficient
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TI2 Root-Mean-Square Average of
Compr essor Face , Hi-Response Pressures
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2 MIN
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RH , R/H Right Hand

RN Reynolds Number
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1. I N T R O D U C T i O N

Advanced research inlet tests were conducted in the
Arnold Engineering Development Center (AEDC) Propulsion
Wind Tunnel (PWT) 16-foot supersonic (l6S) tunnel in Novem-
ber 1975 and in the 16-foot  t r anson ic  ( l6T)  tunne l  in March
1976. These tests , designated as SF-178 and TF-399 , were
conduc ted  by the  Fort  W o r t h  Div i s ion  of General Dynamics —

for the Aeronaut ica l  Systems Divis ion (ASD) of the Air Force.

The purpose of the  t e s t s  was to eva lua te  in le t  perform-
ance and e n g i n e/ i n l e t  c o m p a t i b i l i t y  of a s imple , normal-
shock i n l e t  in a wing-bod y f low f i e l d  to extend  the data
base for designing inlets.

In the Tai lor-Mate program (Refe rence  1) ,  b lended wing-
bod y configurations were investi gated but a non-blended
wing-body configuration , such as that employed on the F-lll ,
was not  i nves t iga ted . The re fo re , to extend the data base
on in le t  design , a research inle:  program to inves t iga te
the in tegra t ion of a s imple , normal - shock  in le t  wi th  a pure
wing-bod y was contracted by the Air Force.

The research inlet program incorporated the General
Electric F1O1-GE-lO0 engine for inlet sizing and engine/
inlet compatibility. Thus , a new generation engine and a
simple , normal-shock inlet configuration were integrated
with a wing-bod y flow field for evaluation .

The design and test program was an advance research
program . Consequent l y ,  a ininimurn of inlet configurations
were inves t iga t ed , and no concer ted  e f f o r t  was made to cor-
rect flow-field or boundary- layer problems that became
recognizable  dur ing the program . However , met hods to cor-
rect boundary-layer spillage into the inlet and ways to
minimize flow separation off of a duct bend have been iden-
tified to improve the overall performance and compatibility
of the configurations investigated .

The full-scale length of the forebody on the research
model was 73 inches longer (ahead of t he  in le t )  than it
was on F-ll l  models previously tes ted  by Genera l Dynamics.
A long forehody, such as this , was in keeping with similar
configurations investi gated in the Tailor-Mate program. A -j
check of the theoret ica l f l a t - p l a t e  boundary- layer hei g

ht1
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showed the  boundary l ayer  would be t h i c k e r  on t h i s  mode l .
Howeve r , placement of the upper  inboard  corner of the  i n l e t
at the  same locat ion , But tock Line (B. L . )  43 , as th at of the
Trip le Plow II (TP I I )  F - i l l  i n l e t , would pu t  the i n le t  on
the boundary-layer outer edge with high i n l e t  pe r fo rmance
expected. By keeping the same relative inlet-fuselage spac-
ing, a baseline for comparing the inlet flow fields of the
research model to the F-ill could be made .

Two questions tha t were addressed during the inlet de-
sign were what the maximum expected Mach number could be
for a s imple , open-nose , no rma l - shock- type  i n l e t  in a wing-
bod y flow f i e l d  and whe ther splitter plates would be neces-
sary . A review of F-Ill f l i g ht tes t  data revealed tha t  the
local Mach number at the inlet ’s terminal (normal) shock
reached a maximum of 1.6 (for free-stream Mach of 2.4-2 .5)
and that the terminal shock was imping ing on the Triple - :
Plow II fuselage boundary layer without a splitter plate .
Thus , it was expected that the research model normal-shock
i n l e t  could opera te  s a t i s f a c t o r i l y  up to Mach 1.7 or 1. 8 .
But , i t  was f e l t  tha t some s p l i t t e r  p la te  would be necessary
to prevent  the fuselage boundary layer from s p i l l i n g  in to
the inlet as it was being plowed off. A splitter plate of
this  type is not necessary on the Tr ip le  Plow II in le t  be-
cause TP II has a double-cone-spike pressure field to con-
trol the boundary layer behind the spike and not allow it
to enter the inlet .

The Tailor-Mate (Reference 1) model flow-plug, beam ,
and compressor- face  h i - r e sponse  i n s t rumen ta t i on  was se lected
for t h e  research-model  i n l e t  tes ts . The ra t io  of the model
compressor - face  diameter to the  diameter of the FlOl engine
compressor face  was 1/5 .2 .

The i n l e t - c o n f i g u r a t i o n  var iab les  that  were eva lua ted
du r in~ the t e s t s  were :

1. The len~~th of t h e f use lage ahead o f the i n l e t .
(The research-model  fu se l age  ex tended  73 inches
further ahead of the inlet than it does on the
F-ill.)

2. The standoff distance of the inlet from the side
of the fuselage.

3. The l ength and steepness of the fuselage and glove
boundary- layer  plows .

2
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4. The length and shape of the  fuse la~~e s p l i t t e r
pla tes.

5. The size of the throat (throat design Mach number)
and capture area of the i n l e t .

6. The duct vortex generators and duc t blowing.

Flow field and configuration evaluations h a d to b e
done at Mach 1. 6 in l6S because a schedu l ing  p r i o r i t y  moved
the l6T tes ts  to follow the l6S tests . Consequen t ly ,  the
l6S tests were conducted first even though this was not
the desired testing sequence. The basic configuration was
then tested at Mach 1.6 to 2.0 for performance documentation.

In l6T , the primary evaluations and flow-field assess-
ment was done at Mach 0.85. Additional evaluations were
made from Mach 1.2 to Mach 1.5. Full documentation of the
basic and an alternate inlet configuration was made from
Mach 0.55 to 1.5. Representative combinations of ang les of
a t tack  and sideslip were tested over the fu l l  Mach range .

I
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2. S U M M A R Y  O F  R E S U L T S

The overa l l  r e su l t s  of the research-model  i n l e t  t e s t s
dete rmined tha t  a no rma l - shock  i n le t  can opera te  wh i l e  in
the i n f l uence  of a wing-bod y f low f i e ld . The Basic Long-
Plow and S p l i t t e r - P l a t e  In le t , located at e i the r  B .L .  43 .82
or B .L .  45.64 , has acceptabl.e  i n l e t  pressure recovery . En-
gine/inlet compatibility also was found  to be acceptable
th roug hout mos t  of the  Mach-a l t i tude  envelope where i t  was
anal yzed , the exception being at Mach 1. 2 at  the top of the
Mach-altitude envelope selected for the compatibility analy-
sis. In those speed regimes where compatibility is marginal ,
i t  was the resul t  of fuselage boundary- layer  sp i l l age  in to
the in le t  or the resul t  of f low separat ion o f f  the outboard
bend on the outboard duct wa l l .  However , the anal ysis of
the test results shows that correction of the duct-bend
problem will greatly improve engine/inlet compatibility
throughout the Mach range. As tested , the outboard inlet
location has a larger compatibility envelope (at the top of
the f l i ght envelope) for a l l  Mach numbers .

Specifically, the test results show that :

1. The fuselage boundary-layer of the research model
at Fuselage Station 390 is similar to but thicker
than the boundary layer measured on the F-lll at
the same fuselage s t a t io n .

2. The measured boundary-layer thickness at F.S. 390
on the research model is thicker than that calcu-
lated by flat-p late theory below Mach 1.6. (The
greatest  d i f f e r e n c e  occurs at Mach 1. 2 where the
model boundary layer was 0 .42 inches th icker  ( f u l l
scale) than theoretical. Corresponding theoreti-
cal flat-plate and measured thicknesses for the
F-ill agreed closely.)

3. Spillage of the fuselage boundary- layer over the
fuselage side splitter-plate into the inlet de-
graded inlet pressure recovery and increased inlet
distortion at all Mach conditions . This phenomena
was initially analyzed as a shock/boundary- layer
interaction problem from the l6S test results .
But since the subsonic tests showed similar inlet
throat-flow patterns , it is now concluded that



spi 1 l.i~~e 
;) eC~ ~ d~~-1 ne con ti-ibutt - J L ~i~~~~y shock /

~~~~~~~~~~~ 1~iver ~~~i L C ~~
-
~~~c i  i i n~ t h a t o c e t i r i -~~d s~~p&. i

• —
sonicall y .

4. 1 ncreas ing the s Lando f f  ( 1  S t  df lele nv m o v i n g  t he
inlet outboard te  B. L. 45.64 ~nide some inprove-
me nt  in i n l e t  I r e s su re  r ni very and en i n c/ i n l e t
compitibil ity. IncreasiHh the s t a n d o f f  d i s L a n n e
fu r t h e r  r e s u l t e d  in a h . s s in  inlet pressure  re--
co very  a t  Mach 1.6 . The ~. o s t  itboard p o s i t i o n
was not  t e s t ed  in LiT .

5. R e v i s i n g  the s p l i t t e r - p l a t e  shape and s ize im-
p roved f low cond i t i ons  at the  th r o a t , but  t hese
improveme nts  were not  r ea l i zed  in the  compressor-
face d i s to rt i on  p a t t e r n s .

6. An outboard bend in the i n l e t  duc t caused some
duc t separation. This resulted in a loss in pres-
sure recovery and an incr ase in distortion in the
outboard portion of the conpressor face . But it
was demonstra ted during the t e s t s  t h a t  th i s  f low
d e f e c t  can he correc ted  w i t h  a min imum duct vortex
gene rator  p a t t e r n  or wi th  duc t b lowing .

7. I n l e t  per formance  (p ressure  recovery)  is accep tab le
at  a ll Mach numbers for the  Basic Long-P l ow/
Sp l i t t e r - P l a t e  In le t  even t h ou ~~h i t  was s l igh t l y
be low the  p red ic ted  leed s be 1oi~, Mach 1.5 and at
Mach 2 .0.

8. The f b i  s epara t ion  off the  back of the  bend in
the i n le t  duc t crea tes  a low-energy region of ai r
on the outboare  side of t~ie ceirp res sor fac~~.
This  caused a h ig h i evei .  of st e a d y - s t a te  d i s to r -
t ion which comple te l y b iased the  c o m p a t ib i l i ty
assessment .  The low-energy  region can be min ir.i ztd
by co r rec t ing  the  duct  s e p a r a t i o n  as s t a te d  in
Item 6. This correct ion would reduce t r ~e S t C J O

s ta te  d i s to r t ion  wi thou t  a s iga i f i ca r.t in c r .o~e
in turbulence. The predicted improvement in corr-
p a t ih i l i t y  is shown in Fi gure 1 at a = 

-.° $ = 00

for desi gn a i r f l o w s  across the Mach range . N v tj c e
tha t  the dynami c d i s t o r t i o n  level for an ‘in~proved

’
duc t c o n f i g u r a ti o n  is less than  t he  st eadv-stit
d i s t o r t ion level  for the doct  t e s t e d .  Also , f i n n
Mach 0 .85  to 1.6 the  p red i c t ed  dynamic d is t o r t i o n
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level is less than an ID of 0. S~, wnich is well
within the accep tab le  u n i t  ( < 1.0) for surge-
free operation. The details of this prediction
with supporting data are discussed in Subsection
4 .4. 3.

9. The duct noise or turbulence is low up to Mach
1.6 and increases rapidly to a high level above
Mach 1.8. The low overall turbulence level is
attributed to the long duc t length (L/D = 5.6)
and the fixed-geometry , normal-shock inlet.

A comparison of the predicted inlet pressure recovery
with the model-test inlet-pressure recovery for the Basic
Long-Plow/Splitter-Plate Inlet at B.L. 43.82 is shown in
Figure 2. These data are for 50 angle of attack and 00

sideslip . Noted for reference on the curves are the accel-
eration path airf lows.

Engine / in l e t  compat ib i l i ty  envelopes at Mach 0.85 and
Mach 1.4 are giv en in Figure 3 for the Basic Inlet at B.L.
45.64 with Vortex Generator Pa t te rn  No. 3. These envelopes
are indicative of those to be expected after the duct-bend
problem (Item 6) is corrected.  Also , at  5° angle  of a t t ack
and 00 sidesl ip,  these envelopes substantiate the predic-
tions contained in Figure 1.

~
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Figure 2. Predicted versus model test inlet pressure re-
covery of the Basic Long-Plow/Splitter-Plate In-
let @ B.L. 43.82, Ai = 1214 in.L , a = 5°, and

= 00.
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3. D E S C R I P T I O N  O F  T E S T

P R O G R A M  A N D  C O N F I G U R A T I O N S

Presented in Tables 1 and 2 are summaries of the con-
f i gurations tested in PWT 16S and l6T , respec t ive ly .  In
the tables are the test part  numbers tha t  per ta in  to a spe-
cific configuration and test Mach number.

The inlet-configuration variables were :

1. Inlet capture area and throat Mach number. The
left-hand inlet was designed for a throat Mach
number of 0.8 that resulted in a 1214-sq-in.
cap ture area , while the right-hand inlet was de-
signed for a throat-Mach number of 0.7 that re-
sulted in a l281-sq-in. capture area. The duct
area curve for the Mach 0.8 throat design is
shown in Figure 4. The duct area curve for the
Mach 0 .7  throat design is similar . Both had an
L/D = 5.6, based on the throat to compressor-face
duct length and the compressor-face diameter .
The area dis t r ibut ion per uni t  length of both
ducts was made the same as it is on the YF- 16 in-
let because that inlet duct has low turbulence.
A plan view of the research-model inlet duct is
shown in Figure 5.

2. Length of splitter plate and plow. A Basic Long
Plow and Spl i t ter  Plate was designed and tested
with both in le ts  (L/H and R/H)  as the primary
inlet configuration. A Basic Short Plow and
Spli tter Pla te was designed for the 0.8 Mach L/H
inlet as an alternate inlet configuration. It was
tested at Mach 1.6 and 0.5 in l6S. The Basic Long
Splitter-Plate Inlet configuration is shown in
Figure 6 and the Short Splitter-Plate Inlet is
shown relat ive to the long in Figure 7.

3 . In le t  s t a n d o f f  d i s t ance  from the fuse lage . The
upper inboard corner of the  i n le t  was located at
B .L .  43. To compensate for growth in the  fuse lage
boundary layer on the model at the model test
Reynolds  number , the  inlets were moved outboard
to B .L .  43 . 82. In add i t ion  to B . L .  43. 82 , the

10
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inlets w&-re iocatec .I and tested at B.L . 45 . 64 and
4 7 . 4 5  on the  L/H s ide  of the mode l  rl fl ( 1 a t  ILL .
43 , 82  and 45. 64 on t h e  R / H  s ide  of the m o d e l .  Each
o f the  b u t t o c k  l in e  l oca t i ons  are sh n wn  in Fi gure 8.

4 . S p l i t t e r - p l a t e  s ize .  The Cransonic test in PWT
16T included the Basic Long Splitter Plate and
two modifications referred to as Alternate Splitter
Plate No. 1 and Alternate Splitter Plate No. 2.
These are shown in Figures 9 and 10.

5. Duct vortex generators (VGs). Three duct VG pat-
terns were tested . Pattern I had VGs located on
the upper and inboard duct walls just aft of the
throat at F.S. 455 (region surveyed by Throat
Rakes 12-13 and 1-6), on the outboard duct wall at
F.S. 540 between 45° and 135° , and across t~ie top
and bottom of the duc t at F .S. 560 between 315° a n d
450 and 135° and 225°, as shown in Figure 11. Pat-
tern 2 had VGs located on the throat inboard wall
at F.S. 455 in the region of Throat Rakes 2-5 and at
F.S. 540 between 450 and 135°, as shown in Figure 12 .
Pattern 3 had VGs at F.S. 540 between 67~° andll2~° and at F.S. 560 between 135° and 225°, as
shown in Figure 13.

6. Duct blowing. A set of aft-facing duct-blowing jets
was located at Cowl Station 52 (approximately F . S .

on the inboard wall , and a second set was
l ocated at F.5. 592.8 on the outboard wall. These
blowing jet installations are shown in Figures 14
and 15.

Other test configurations resulted from changes in
model instrumentation. As flow-field data were gathered on/0  the R/H side of the model , the F.S. 390 fuselage boundary-
layer r kes , splitter-plate leading-ed ge rakes , and throat
rakes were progressively removed . All of this instrumenta-
t ion is shown with the L/H static-tap instrumentation on the
Basic Long-Plow and Splitter-Plate configuration in Fi~ ui-c 16 .

Fi gure 17 is a pho tog raph  of the  model installed in
16T . Figures  18 and 19 show closeups of the L/H and R/H
in le t s  w i t h  instrumentation.

The left-hand compressor face was instrumented with 40
hi-response and 40 steady-state pressure transducers ,

18 
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located on centroids of equal area as shown in Figure 20.
The right-hand compressor-face instrumentation consisted of
40 steady-state pressure transducers also located on centroids
of equa l area . Four rows of d u c t - s t a t i c  taps ran from the
splitter plates to the compressor face in the L/H duct. In
addition , several hi-response static taps were located at
the throat , in bend areas , and at  the compressor face in the
L/FI duc t .

Reference 2 contains a complete description of til e
model , test confi gurations , and instrumentation.
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4 . D A T A  1’~~~~F S ~~~~~~~i 1 \ T i O y  A : c _

D I S C U S S I u h

The tests were accomplished during I l Ir e e  ni gh t s  of
t e s t i n g  in  PWT 16S in No v eI I Ibe r  1975 and four  n ig h L s  U t  cost-
ing in PWT loT in March  1976 . ~-°. l i escr ip t i o n  of t h e  config-
ura~~ions t e s t e d , t h e  orde~- in which t h ey  4.o.Cere L esteci , t h e

~‘1ach numbers at which  they were Los cc-n , and the Lest f a c il  -
i t y  par t  numbers were given in Tables 1 and ) .

The basic model consisting of L I I I. L/H n i — r e s p o n s e
compressor-face instrumentation and c _ i n C .-! p lug , the  R / H
s tead y - s t a t e  compressor - face  inst ru : ic .- r t a t  ion and f l o w  p l u g ,
the b i°an~, and the  model, suppor t  and a c t u a t i o n  r e c h n n i s m s
was from the Tailor-Mate progi -anI and \- :U S borrowc-d f ror .  t h e
AF Fl ight Dynamics Laboratory for t h e s e  t e s t s .  A model
scale of 1. /5 . 2 was established I rel l .  L I E  sj ze  of the  c-x ist -
i n g  model  compressor  f a c e  compared ‘ o th e size of the cor-
pressor cace of the F10l-GE-100 engine , the engine selected
fo r  t h i s  r e sea rch  program . The T a l ler - M a te  in l e t  model was
se lected bec au se of i t s  large  s ize , because i t  existed arZ c:
could therefore save some design and fabrication costs , and
because the information obtained from the test could suppl~.°-
ment the Tailor-Mate inlet-test results. Thus , the test
results would extend the data base in evaluating inlet per-
formance and engine/inlet compatibility of a simple , open-

.1/ nose in l e t  and the  j n t c - rr i i t i o n  of t h e  F l 0 l - G E - l 0 0  erm i ne
p laced  in a w ing -bod y f low f i e l d .

Ev a l u a t i o n  of the  i n l e t  wi th  a 0 .~~-Mach number t h r o a t

4? w i t h  var ious p l o w / s p l i t t e r - p l a t e  co nf i .c lur cmtions and sta n d o f f
• 0 distances was done on the left-hand side of the model w i t h

bo th  h i - r e sponse  and s tead y - s t a t e  in s t r um e n ca t i o n . Th e
r igh t - h a n d  side of the model was dedicated primarily to
inlet flow-field testing, with stc°au’1’-state I-valuation of
the i n l e t  with the larger , 0.7-Mach number throat as a
secondary objective .

The recorded data were used p r i m a r il y  to de te rmine  the
fo l lowing:

1. The t h i c k n e s s  and characterisLics of the bounda i~:
layer  on tile f u se la g e  - ‘EL F. . 390 a h e - a i  o f t h e
inlet and a t  t h e  sp i  i t L  e : — p l - i  to  l’.-.idir lod g e .

~~~~~
à
~~~~~
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2 . The extent  of n o r m a l - sh o c k/ h o u n d a r y - l a , - c r  j f l t c (-

action/separation or f u s e l a ge  l)cIClud )iry— la’ t-r
spillage past the splitter plate and the resul ting
effect on the throat-pressure profiles.

3 . The e f f e c t  of i n l e t  s t a n d o f f  d i s t a n ce  and p low /
s p l i t t e r - p l a t e  l eng th , s i z e , and shape , and the
resu l t i n g  e f f e c t  on i nl e t  p ressure  recovery  and
distortion .

4. In l e t  performance document a t ion  as a func t ion  of
Mach number , ang le of a t t a c k , a I l g I c  o f s i de s l ip ,
and engin~ corrected airflow .

5. En g i n e/ in l e t  c o m p a t i b i l i t y  a n g l e - o f - a t t a c k  and
side-slip envelopes for each Mach for the baselinc-
in let con f igura t ion .

The basel ine  c o n f i gur a t i o n  for which  the  m a j or i t y  of 0
the data a re presented is the L o ng - P l o w / S p l i t t e r - P l a t e  In le t
located at B.L .  43.82. The per formance  for this  configura-
tio n was doc umented f rom Mach 0 .55 to 2 . 0 .

It should be noted that all of tile throat-pressure pro-
file data and splitter-p late rake data obtained at Mach 1.6
in l6S were taken with the inlet located at B.L. 45.64,
while all of the throat-pressure profile data obtained in
l6T were taken in the inboard position of 43.82. (No splitter-
plate rake data were taken in l6T.)

In addition , it should be noted that no boundary-layer
transition strip of any type was applied to the model nose
or wing leading-edges for these tests . It may be for this
reason that the fuselage boundary layer was thicker than
the theoretical flat-plate thickness.

In the subsections that follow , sufficient data will
be presented to define the performance of the Basic Long-
Plow/Splitter-Plate Inlet at B.L. 43.82 and 45.64. Suffi-
cient data and charts are also provided to present various
analyses required to understand the test results. However ,
no attempt will be made to ~rc.-sent all of the data that was
recorded during the tests . The complete set of data is
presented in Reference 3.
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4.1 INLET FLOW Fli LD

The flow f ie ld  of an i n l e t  located alongside a fuse-
lage and under a wing can 1~ v e r y  L omIl p i ex . The b n u r i d a r v —
layer character is t ics  of ti-ic fuselagc are not who l l y pre-
dictable even though a flat-plate thickness can be calcu-
lated. Because the forward fuselage is a lifting body it
generates lifting vortices . Such vortices tend to lift off
the body surface at relatively sharp corners or where the
cross-flow component turning ang le is large . Additional
complexities can be introduced because of the wing. Its
pressure f i e ld  can feed clown a long the fuselage sur face ,
forcing separation and then trapping the vortex beneath the
wing. Frequently the path of such vortices is outward and
downward so that they enter the inlet and affect engine!
inlet compatibility.

Conversely, locating an in le t  in a precompress ion f low
f ie ld  under a wing can be very benef i c i a l .  It reduces local
supersonic Mach numbers resulting in smaller inlet sizes ,
simplification of the variable geometry required (if the
inlet geometry is variable), and reduction of the effective
range of angle of attack through which the inlet must operate.

The fuselage boundary layer at F.S. 390, splitter-plate
flow , inlet-throat flow , and compressor-face flow will be
examined in the following subsections in an effort to under-
stand the research-model inlet flow field. This will be
done for selected test conditions. In addition , some com-
parative configurations will be examined. The analysis will
also compare the fuselage boundary layer of the research
model with that of the F-Ill , which had a 73-inch shorter
fuselage ahead of its inlet.

4.1.1 Mach 1.0

4.1.1.1 Fuselage Flow

The p i to t  pressure- recovery  contour maps of th e  fuse-
lage boundary la yer at F .S .  390 as a f u nc t i o n  of a n g l e  of
attack and sideslip are shown for Mach l. n in Fi gure 21. At

• a ng les o f a t t a ck o f 5
0 or les s , on l y  t h e  l e e - s ide  s i d e s l i p

of 40 resu l t s  in a t h i c k en e d  boundary l ov e r  t h a t  ex tends
outboard of the s p l i t t er - p l at e  l o a d i n g  c n n  at  B .L .  43 .82 .
Th.e b o u n d a r y  layer does t h i c k e n  as the a n I l e  of attuck in-
creases , hut  t here is no i nd ica t ion  of a l m o c l v  v o r t e x .
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P resented  in Figure  27 is a S o t  c i i  ri. -~i L — l-a nd —i n l i-L
th roat maps as soc ia ted  w l t g  c _ h e  1 U S l ! O ..’, l - i  low C 0 C t ( I 1  c _ i o n s  of
Fi gure fl for  an i n l e t  c o r r e c t i o n  ai  r f i  Ow of 310 lb/se-c.
Fr om t h ese t h r o a t  map s , i t  -an be se-c-n t ha t  low- . nerg~’ air
is en t e r ing  on the inboard side of the i n l e t  € -\ ‘en t h o u gh
the F .S .  390 f lows did not i n d i c a t e  -a f u s e l a g e  b o u n d a r y -
layer problem at many of the- c o n d i t io n s .  iv\- .’e:e r , i t  is
in ter e s t i ng  to not ice  t he  imp l- c ’/ cuen t  in c _ h e  t h roa t  f low
as the  ang le  of a t t a c k is increased . The r e-g len  o f low-
e n er g y air  is v i r t u a l l y e i i r n i n a t e d  -at ~~ a ng l e  of a t t a c k .
Because of the i nges t i on  o f t h i s  l o w-e n e r gy  a i r  at the lower
ai p ha s and hi gher loca l Mach c o n d i t i o n s , a shock-bounda ry
laye r in te rac t ion  problem was s u s p e c t e d.

The c r respond ing  s t e a d y - s t a t e  r o c _ I p r o s s o r - f a c e  maps for
the 310 lb/ sec  co r r ec t ed -a i r f l ow  c o n d i t i o n s  are shown in
Fi gure 23. A low-energy region at the th ree  o ’ c lock out-
board position can be seen on each of these compressor-face
maps.  This d e f e c t  has been analyzed as separat ion o f f  the
backside of the bend on the outboard side of the duc t .  It
is in t e re s t ing  to not ice  that  the low-energy air on the in-
board wall at the throat is less evident at the compressor
face.

Fi gure 24 is a composite chart  drawing upon a l l  of the
available l e f t - h a n d  and r ig h t - h a nd i n s t rumen ta t ion  to ana l yze
the Mach 1.6 in le t  flow for the Basic Long-P low/Sp l i t te r -
Pla te  In le t  confi gurat ion at B .L .  43. 82. Because on ly  one
throat and one compressor-face  map could be shown in Fi gur e
24 , Figures 25a and 25b are included to supplement  Figure 24

0 for  the  f u l l  a i r f low sweep . Figures 25a and 25h also have
some o f the turbulence maps t ha t  can b:  compared w i t h  the
s t eady - s t a t e  compressor-face maps for  s i m i l a r i t y .  Tu e
darkened l ines on Fi gure 24 cor respond to the da ta  for t he
throat  and compressor- face  maps shown .

S ta r t i ng  at  the l e f t  s ide of Fi gure 24 , t i ’ie fuse lage
boundary- layer  plot  shows good , clean f low at F .S .  390.
Proceed ing to the ri g ht to t he three s7 l it t e r - pla t e  rakes ,
i t  ca n he seen tha t the pressure  p r o f i l e s  measured at F . S .
390 on Rake 1 were u n a f f e c t e d  by c h a n g i n g  in le t  airflow .
Thus the normal shock was always b e h i n d  Rake 1. The p r o f i l e
also  show s good f low c o n d i t i o n s .  However , Rake 2 shows a
hi g h Sens i t i v i t y  to i n l e t  f low w i t h  a decrea se  in the pres-
sur e -  l I r u / i l e s  as the i n l e t  was t h r o t t l e d . Rake 3 Wa S c_ oIea SUr
tog low-e nergy  a i r  and  was m .-e l a t i v e l y i n s en s i t i ve  to in l e t

• flow.
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‘fhc co r n e r  sp li t tc-v — pla L e s t 3 L  i c s  : u i o n  L I v e / o a t  ~t p
good f l o w  i n  th e -  315° ( - ( ‘ r n / - c  IO~~/ I I  to a f l e w  o~ 2~~b
(Fi gure 2 5 ) .  H o w e v o - r , I I C  S i I h j o I a L e  5L ~~ L 1 CS , ‘s’ I I I Ch  10fl1 a
l i n e  midway  betweo-a I I I r I x I L  dakc- .s 2 and  3 , . . u ’ - - a b i f u r c a t L o n
( l ambda y shock  s y st . I or a n i - par - oted — t low re . i on  a t  the
highest inlet airflow . -~/- — examining fi o .. ° — p r o f i  le  B on
Sp l i t t e r - P l a t e  R a k e  3 , I t  is d i f f i c u lt  to e s t a b l i s h  w h e L h e r
it is a shock-boundary l a yer  inte r~iction problem or spillage
o f the  f u s e l ag e  b o u n d a r y — l a  :o~~ a ir  p a s t  Lf le  s p l i t te r -p l a t e
lead ing  ed ge.  IIO W C - v o l - , s i n c e  Sp l f t L e r - :- 0 ’ 0Lo ’ Rake 2 was sen-
s i t i v e  to i n l e t  a i r f l o w  an d  t h u s  nor: i o n l - s h o c k  p o s i t i o n , i t
is apparen t  t h a c  th 1 ao ’- :~ni shouk syste~o pressures being
imposed on the fuse la c 0 oundar layer were affectin the
flow at Rake 2 . C or i sc q u - e n t l v , i t  is now c o n c l u d e d  t h a t
s p i l l a g e  p a s t  the s p l i t t e r - pl a t e  l e a d i n g  edge was o c c ur r i n g .
(The ana l ys i s  i rrnT le d i a t e lv  f o l l o w i ng  th 1. 65 t e s t  c o n c l u d e d
t h a t  i t  was a c l a s s i c a l  s h o c k — b o u n d a r y  I ay e - c 1n ter 0 ’0~~t i on
p roblem t h a t  could he f ixed  ~-~‘1 th rev ised  a p i  i t t  r p i n  Les . )

W i t h  f u r t h e r  exuc - i n a t l i e n  of t h e  t h re a t  and -o r t p r e s s or —
f ace  slaps , i t  can be s e e n  t.iiat as L I e  i n l e t  a i r f l o w  is re-
duced the  l o wer - e ner g  ..- a i r  ca v er s  a Iar . ;e - r p o r t i o n  of the
t h r o A t  w i t h  a r e d u c t i o n  i c omp r e - s s o r - fa c c  d i s to r t i o n .  I t
is si g n i f i c a n t  to not ice , from e x d ; I i~~I ing a l l  of t he  t h r o a t
i~aps , tha t t h e r e  is no c-vidence of i nl e L- l i p  f l o w  prob lems  -

no l ip separat ion due to any C ause .

Fo l lowing  the t r an s o n ic  t e s t s , a d d i t i o n a l  . a n a lv s i s  of
t h e  Mach 1.6 f l o w - f i e l d  da ta  was v u n d e .  T h i s  was  done h o -
cause i t  was susp ec ted  ch a t  LI’ a s pl i  t t o .-r—piat e I iding—e d - I .

s p i l l al t e was o c c u r r i ng  be :w oe-r i  W a t e r  ~ i. es (/ . L .)  170 0nd
180 , and the  s p l i t t e r - p l a t e  rak e-  (L / t / l  shou l . d be ~-x a r :i : ud
f u r t h e r .  I t  was dec ided  Lh :.lt t h es e  rake d a L a  shou ld  be
examined as a fo .~ac: Li~0’n of an-ic- of a t L - c : oc a t  a (‘ I Ins tant
i n l e t  a ir f l o w  to comph-~sent  L i u o  da L1A s awn in F l  gore-s 22
and 23.

The a s s e m b l e d  data  p l o L s  a r -  s l o .  in  F ig ar o  2 / o  . As
no t ed , t h e  s p l i t t e r— p ] a t e  r n k ~ - .~I o o  t ~

- C O . A t — r ) / k (  t i t a

re-corded on the R / H  i n le t  t ha t  was locate’]  a t  13.L . t 4 ) . I 4 .

A l l  of the i n l e t  s t a t i c -pr e s s u r e-  d dt a  are  f rom th e  L/ H
inlet tha t was located at  B .L .  4 3 . 82 .

• In an a l y z i n g  the da ta  of F i . i . 26 , t he  f o l l o w i n g  ob-
s e rv u tj o ns were made :

~J. °3

~~~~~~ 
p ~~~~~~~~~~~~~ 

- 

- , .-
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1. The pos i t ion  of the norma l ~i i u c k  r e m a i i i e o i  co n s L d n t
for  a l l  ang les of a t t a c k . I t  did not  il C I V e -  forward
as local Mach decreased .  Th is  can he S C - c - i l  f rom
examining the s t a t i c -p res su re  p l o t s  from the  s p l i t -
ter  pl a te , side p l a t e - , and g love p la te - .

2. The normal shock was the  same d i s t ance  ahead of
t h e in let l i p  on the  sp l i t t er p la te , side p l a t e ,
and glove p la te  (no skewing due to v a r i a t i o n s  in
local Mach) for  a l l  ang les of a t t a c k .

3. The fuse l age  boundary  l a y e r t h i c k e n e d  as a ng l e  of
attack was increased with the- lower-energy air
progress ive ly ex t end ing  ou tboard  of the  s p l i t t e r -
plate leading edge .

4. In spite of the  th ickened  fu s e l a g e  boundary la yer
t hat occurred with increased  a ng l e  of a t t a c k , t h e
th roa t - rake  p r o f i l e s  show improved pressure  levels
as angle  of a t t a c k  was increased .  This was also
evident in Figure 22 .

5. Each sp l i t t e r -plate rake p ro f i l e  improved as angle
of a t t ack  was increased .  The bi g improvement  on
Rake 2 occurred at 100 , and the big improvement
on Rake 3 occurred at 13° . This  i nd i ca t e s  tha t
the  re gion of sp i l lage  was moving aft , from in
f r on t  o f to beh ind  the normal-shock position , as
ang le of a t t ack  was increased.

6. R e f e r r i n g  to the  t hr o a t - p r e s s u r e  contour  maps in
Figure 22 , i t  ca n be se-en t ha t  the  l ow-pressure
de f ec t  progr essed from Rakes  2 and 3 , to Rake  3 ,
to Rakes 3 and 4 , to Rake A as ang le  of a t t a c k  was
va ried from 20 , to 50 , to it°, Lr  130 , r e spec t ive ly.
I t  can also be seen tl -iat  gPo  value of the  low-
pressure recovery iI :ip rc lv e d ( i nc reased )  as angle
of a t t a ck  was inc reased .

7. The fuselage-diverter (plow) static-pressure levels
increased more downs t rcan  of the i n l e t  l i p  than
they  did forward of the  l ip  as ang le  of at t a c k  was
increased .

On t he 1— as i s of t h e  p r e c ed i ng  o h s e r — i r i t i o n s , i t  is con-
c luded tha t  as the t nde~ ang le- of  a tL : I C F  was incr e-aseci  the
f use lage  bou n da ry layer  was r ompre - s s ed  enoug ii to en t er  the-

50

- 1 - .~~~ )~~i:~~~ . . 
- ~~~~~~~~~~~~~ . .
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channel  between the spl i  t t e r  plate and t I c- f u se l a g e  witn i a
minimum of s p i l l a g e -  i n t o  t h e ° i n le t . From this anal ysis and
subsequent anal yses at other Mach numbers , i t  appea r s  L I - a t
t he  fu se l age  boundary- l aye - r sys tem can b e- mod i f i ed  to ii:-
prove i ts  flow characteristics at all Mach and angle-of-
attack conditions . Some possible modifications to accom-
plish this are discussed in Subsection 4.1.10.

4.1.1.3 Short-Plow/Splitter-Plate Inlet Flow

In le t  f l ow-ana lys i s  data  for  t he  S h o r t - P l o w/ S p l it t e r -
Pla te  In l e t  conf i guration located at B .L .  43.82 are p resen ted
in Fi gure 27.  This data can be compared wi th  data for the
Long-Plow/Spl i t t e r -P la te  Inle t  of Figure 24. However , a
complete comparison cannot be made because splitter-plate
rake and throat-map data were not recorded for the short
configuration. But it is advantageous to look at t he i r  sii ,-
ilarities and differences when analyzing the overall inlet-
f low conditions .

A suxmnary comparison of the configurations and the re-
corded pressure data (for the same test conditions) of
Figures 24 and 27 fo l lows :

1. Splitter-plate static pressures: The static pres-
sures along the long-splitter plate indicated good ,
clean flow down to 250 lb /sec , wi th  the norma l
shock always on the p la te . On the short p la te , i t
appears tha t the norma l shock moves o f f  the p la te
at a higher airflow . Looking at the estimated
position of the normal shocks for each inlet , it

0 appears that the normal shock lies approximately
10 inches fu r the r  ahead of the lip on che short
p la te .  This resu l t s  in greater diffus ion of the
flow before  en te r ing  the in l e t  and may be pa r t o f
the reason wh y the pressure-  recovery for  the
short  p la te  was 0 .935 versus 0 .919 for the long

• p late for the same inle t  corrected airflow of 310
lb/sec.

2. Distance of the fuselage diverter (plow) behind
the splitter-plate leading edge: Th e  d is ta n ce
from the splitter-plate leading edge to the plow
(edge distance) is greater on the Short  Sp l i t t e r -
Plate Inlet than i t  is on the Long Spl itter-Plate
I n l e t .
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3 . i- a s5  leige - — o i i v e o -t . 5 - r  0 / 1 1 5 .  f- .e-o- i oi .; e- — s ur - a c .  s iLIt -
p ressur es : T I i e  She rL Sp i i t t e - r —  I’ d i -  eon  I u rn  L ion
wi t h i ts l o n g e r — e d ge d is  L a n c e  was f a i r l y  insc-ns i  —
tive to i n l e t — f l o w  v a r i a t i o n s .  The l o n o , c o n f i g—
uraLion with a shorter-ed ge- distance showed con-
siderable sensitivity to inlet airflows on those
pressure taps that were ahead of the  i n l e t - l i p
sLation. Similarl y, t he  f u s e l a g c - — s u r f a e - l -  s t a t i c
pressure measurem~— nts on the long configuration
were more S e n s i t iv e  to the airflow variations .
Thus , it is concluded that t h e  h ig her s e n s i t i v i t y
to inlet airflow v ar i a t i o n s  d i s pl ay e -u b y the  Long
S p l i t t er -P l a t e  I n l e t  was due to i n s u f f i c i e n t  fuse-
lage b o u n d a r y -l a y e r - c h a n n e l  flow area tha t  re-
sul ted  in sp i l l age  in to  the i nl e t .  However , on
t he Short  S p l i t t e r — P l a t e  I n l e t , i t  1 s spe cul a t ed
t ha t  sp i l lage  i n t o  the  i n l e t  was less of  a prob-
1cm . This is based on the  compressor - face  map in
Fi gure 27 s ince  Lhroat -~imo da ta  are not  ava i l ab le .

4. Duct outboard bend : The d e f e c t  a t  the compressor
face due to the duct bend discussed earlier is
also evident in Figure 27.

4 .1 .2  Mach 0 .5

A limited amount of Mach 0.5 data was taken  on the Basic
L o n g - P l o w / S p l i t t e r - P l a t e  I n l e t  ;.lc B .L .  43 .82  and on the
S h o r t - P l o w/ S p l i t t e r- P l a t e  I n l e t  at  B .L .  45. 64 a t  0 .5  Mach
i a PWT I (,~~ . These data were ob t a i  no d  w i t h  the  t u n n e l  i n  an
un st a rt e d  f low c o n d i t i o n  to g e L  sos o subson i c -pe r fo rmance
Pi ta  for the i n l e t s  prior to the  L6T t e s t s . From the  da t a

• p r e s e n t e d  in Fi -, I a r c s  28 and 29 , i t  was conc luded t h a t  there
wa s es se n t i a l l y no d i f f e ren c e s  in t Ile c o nf i gu r a t i o n s .  This
is best  seen in the  c o m p r e s s o r - f ac e  cant o  I r an ps . Bo th  con-

• t i m the  same duct ou tboard-he-nd , l e vj - en e r v d e fe c c , a n d bo th
r i v e  some ind ica t ion  of s p l i t t e r — p la te -  spM . la g e . But  s ince
th roat -map data was not taken for  t h e s e -  c o n f i g u r a t i o n s  at
Mach 0.5 , no absolute conclusions could he r eached .

- 
- 4 . 1.3  Mach 0.85

Mach 0 .85 -in s a p r i r . a i --v test condition for c - t i  e a t i n g
t h e  c o nf i c u r a t i u n . a  t e s Le - I  in PWT l6T . I t  a l s o  provided an
o p p o r t u n i t y  tc on t a in  data  on t h e  i n l et  i l o w — f i e l d  ( a t  a
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subsonic M~~ci- numbe r)  tb  o:a~ net av~ij  m a l e- ~rono t i o c -  ear l  - r
l6S tests at  M~~eh 0 .5 .

F . S . 390 fuse lage -  h o e l I l d a  r ’:— I a ‘ o r  Old I d  ot ~~ a du n e  L ion  o f
a i g le of a t t a c k  and a n g le  or  s i . d o - s l i p  a r t  p r e s c - n L s - d  in Fi g-
ure 30 . These-  da t a  art: ‘ie-rv s imi l ir L e o  t h e  e a t a  ob r  l ined
at  Mach 1. o and show tha t  a bod y vor tex  is n o t  pc i  r e n t . T u e
p re sen ted  data a lso -ohows L I L t  l o c a t i n g  t he  j u l  l I t  a t  B. L.
43. 82 p r o v i d i - s  ado-q u ci t e- s t a n d o f f  d i s t a n c e  t ror: t i e  r I l s e l a S
f or  t h e Lii  C L  L re cei ve hi~~I i-c- e-r cv ai r .

R i e ’h t - F i o i nd i n l e t  t h r o a t — p r e s s u r e  con tour  . o i j ~s f o r  the
Ba sic I n l e t  loca ted  at  B . L. 4~~. n 2 a re  sho w n in i- i gii r c- 31 .
T h e s e  n a t a  ar e -  for an i nle t  c o r r e c ted  a i r fl ow  of  310 l b/ s e c
f o r  Lh ~ a ng l e - o f - a t t a c k  and s i u e sl . ip  ang le- s of Figure- 3h .
It  ca n be seen from these  t hroat maps c h a t  an increase -  i i
low-energy air on uP5- inboard wa ll  o c c u r s  d s  i CIe a / 1 gt e  of
a t t a c k is in creased . T he source  of  t he  l ow - e n e r gy  a i r  could
be due to spi l lage of  the  fu se l a ’c- - bc - u : i c a r ’ .- -l ayer  a i r  in to
the i n l e t , du e to the  lack of cc r p r e s s iu n  on the  s p l i t te r
p l a c e  because it was pa r ade-I  to t I l - /  c en t e r l i n e  of the  model ,
or due to a vor tex t i nt  may ha g e n e r a t e d  a long t h e  swept
le ad i n g  edge of the  s p l i t t er  p l a t e  bc -cause i t  is at  an a n g le
of a t t a c k  to the  ap p r o a c h i n g  f l o w . lii a l l e v i a t e  the- sourc e-
o f the low-c-ner , -gy a i r , steno - c a m b e r i n g  ( i n b o a r d )  of t n e  p l a t e
l e a d i n g  ed ,r e- could p o s s i b l y h e l p .  A d d i  c i - . -n ~1l t e s t i ng would
be necessa ry  to ver i fy  [ f a t  e - a inb e i -~ n e ~ would a l l e v ia t e  t h i s
f low e o n o i l  don , but i t  o n p ea r s to be a probl c- rn t h a t  can h~-
rc- adi ly solved .

The c o e p r i - s s o  c- face ’  naps she. -~u in Fi coo -c- 32 C ( 0 - r p l c - L sc S
t ne da t a  for  a n a l ys i s  of th e  310- lb /sec  f ic s -. c o n u i  t ie - o S .

E v i d e n c e -  o f the du e t  h - - n d  and i nb o ar d  l o w- e n e rgy  air  is d ) -

/~r o . f l t  . H o-o-: ‘ . . Jo o-~ a f l g i  CI o f  a t ta c k  tn  i nc  ;~~ . .~secl , ebe n igh—
e n e r g y  = i r  aue-~ to t h e -  o~e e r  p o r L s n a t  ur i c duct .

To ccoriplers - h i t  f l o w -  u c l a  a . l d J . V S1S a t  ~idcii 0.~~i for
t O e  Basic  Lon~~. . t i c s . / S p l 1  to -r -- F ’ l a L e  In l e t  at: B .L .  L~3 4 I—~
Fi ,yur e- s  33 and 3-t ~~~ j o C o S e  c L o d . 1 h e  oI ~~Ea :n Fi..o: ’are- 33 show
t h e  e f f e c t  o f  ar ~~1e o f  a t  L a d - . I c  t h e  hi ah— ai rdl . ow (357-lb /
se-c)  ease-  a: . I  tne- dat a n Fi .I , ’a ~ e’ 34 show s i i  lar  ha L - i  b r
~o n  s ir  f l o w  ( - x c i .t rS i on it ~~~0- i ngl i. o f  at  t i ck .
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4.1.4 Mach 1. 2

A set  of f us e l a g e -  h’ . s l L r y — i a v e - r  d a ta  and a corre spond-
i ng  set of rI- -oat -o: i a p da t a  are-  presented for Ma ch 1.2 in
Fi gures 35 and 36 for  the  B a s ic  L on - g-P l o w / Sp t i t t e r- P la t e
In l e t  loca ted  at  B • L . 43 .82 . F igure  37 is a e-e .- !n~ e o 5 i t e  da ta
plot for the 5°-angle-of-attack and 0°-angle-of-sideslip
Lest condition . The observations and corrniiencs made at the
other Mach numbers also appi’, at Mach 1.2 .

4.1.5 Research Model Flow Field ’v’ersus
Mac h Number

A survey o f the  research  model i n l e t  flow f i e ld  from
Mach 0.85 to Mach 1.6 is shown in Figure 38 . The si gn i f i -

.-ant observations are that the throat-pressure defect deepens
and encompasses a larger portion of the throat area as the
freestream Mach number increases. It also appears that the
throat-pressure defect moved up from the Throat Rakes 4-5
position to the Throat Rake 3 position when the inlet was
in the r ore outboard position . Thus , the more outboard po-
sition (or increasing the inlet standoff distance) does not
alleviate ihe spillage into the inlet. This tends to forti-
fy the theory that fuselage-boundary-layer air is spilling
into the inlet due to insufficient flow divergence and that
iraproving the fuselage boundary-layer system is necessary
to improve inlet flow conditions tha t C~’ill resul t in better
engine / in le t  compat ib i l i ty . Improving i n l e t  pe r far i r ance
a nd e n g i n e/ i n l e t  c o m p a t i b i l i t y  b y iInc’i~c v i ng  t h e -  f u se l age
bounda ry-7ayer  system appears to be more des i rab le  than
moving the inlet outboard because it can be done w i t h cu t  in-
creasing an airplane ’s cross-sectional area .

An exnn~i.nation of the compressor- lace maps in Figure 38
reveals tha t the fundamental pattern is u n c h a n g e d . The
throat-pressure defect simpl y divides. Some of the lower-
energy air  mov e -s up to the 3150 position wh ije Lie - re-st
moves to the 225 ° or 180° pOs i t ion .  At  a f i r s t  g lance i t
mi ght be concluded that this is riot t rue  at Ma c h l.~~. How-
ever , further examination of Figure 25a reveals that it is
also true at the hi gher airflows .
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4.1.6 F-ill and Research-Model Flow
Field Comparisons

Model fuselage flow-field survey data for the F-ill
and the research model are presented in Figure 39. It can
be seen from these contour plots that the flows are similar
except that the boundary layer on the research model is
thicker. Some increased thickness was expected because the
fuselage on the research model extends 73 inches further
forward of the inlet than it does on the F-Ill , but the in-
creased thickness on the research model is greater than an-
ticipated from turbulent boundary-layer flat-plate theory.

Table 3 contains a list of flat-plate boundary-layer
heights predicted , with the aid of Reference 4, for several
assumed Mach-altitude conditions . Shown in the table are
boundary-layer thicknesses calculated at F.S. 390 and F.S.
440. For the conditions shown, the predicted increased
thicknesses for the research model over the F-lll would
range between 1 and 1.2 inches (full scale). Thus , moving
the inlet outboard to B.L. 45.64 (the location at which the
splitter-plate-rake data were recorded at Mach 1.6) from
B.L. 43.82 (a movement of 1.82 inches) should have more than
compensated for the added thickness expected and the flow
into the inlet should have been good if the fuselage boundary-
layer system was accepting its flow properly.

However , an additional factor possibly enters into the
analysis. All of the F-ill model test data shown in Figure
39 were obtained with boundary-layer transition grit on the
fuselage nose. As stated earlier, no transition strip was
used for the research model tests. This omission possibly
resulted in an abnormally thick boundary layer on the re-
search model.

A comparison of the fuselage-boundary-layer heights at
F.S. 390 as measured on the models and the calculated flat-
plate heights for the test Reynolds numbers for the F-lu
and the research model are presented in Table 4. When the
data in the table are examined , it can be seen that the
measured heights were always less than the calculated flat-
plate heights for the F-lll. With the exception of Mach 1.6,
the opposite was true on the research model. And the great-
est difference (0.418 inches) occurred at Mach 1.2. The
difference at Mach 0.85 was 0.384 inches. Shown in Figure
40 are the calculated flat-plate boundary-layer heights for

• the research model test Reynolds number , relative to the
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Table 3

RESEARCH MODEL PREDICTED FLAT-PlATE BOUNDARY-LAYER HEIGHT S

M0 Al titude-. RN/F t 6/ ~~~ 6- ~~~~. ~~~~
- in .

— 
Feet X10 6 

_____ 
(Sta.390) (Sta.440)

.55 S.L. 3.905 .016 7.46 8.26

.85 S.L. 6.035 .0154 7.18 7.95

.85 30K 2.420 .0167 7.78 8.62

1.4 30K 3.9 87 .0159 7.41 8 .20

1.6 50K 1.888 .0169 7.88 8.72

2. 0 50K 2.359 .0165 7.69 8.51

NOTE : .F~~~ 466 inches at Sta.390 and 516 inches

at Sta.440
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measured d at a , for  ~ , I c h I~~. S / i /
~~~~~ i . J . k i 1 l h  -:10 a d j u ~~: : : c1 L

of this L v p i I to t I l e  rcs - .-a rc i’ mod - i ’ s l w u ~~d a r v —  li~ye r data tI
account for the lack cf .~ t r a n s it  100 s t r 1~ Seeli tS r~..-dsonab1e
after examinin ’~ the F-ill test resulLs .

An additional sc-arch 01 F — i l l  2 / 4 ) / I L - i  arI d il ig h t t es t
data was conducted to ensure that the ~huv e iid justments
to the research model ’ s boundary layer ‘~-.

-
~

- - i-c reasonable.
Shown in F ih u ’re -~l arc- So/I/ c ’ co1 -i~ ar i  son h / i t o  01 t Oe I uselai ‘I.

boundary-layer profiles 03 !~e3surc-o on a f / l dht-ti- sc ai r-

~1ane and on the 1/6-scale inlet LOud . i t  can he seen from
the figure that tNt.- full—scale airfl:LI’ic- has the better pro-
f i l e  at the TP II i n l e t  s p ac i ng .  Th~~r efor e , s i I l c l • - t h e  air-
plane bounda ry - l aye r  p r o f i le  is b e t ter  L a n  t h e  ‘i dol boundary-
layer profile obtained (as well as it can be established at
this time) with transition grit for the F-ill and since the
boundary-layer profiles measured on the F-ill :-od’. Ls when
tested with transition ~r it  show a c h in n e r  houn 1 arv la-- c r
than that calculated by flat-plate t h i cry , i t  sc- 1-:: s conser-
va tive to ad jus t  the  bounda ry - love r  hei~;h t  on t h e  research
model to the theoretical flat-plate hei ght to compcasate
for  the lack of t r a n s i t i on  gr i t  du r ing  the  t e s t s . W i t h  a
boundary layer of this thickness or less , spill a/~e into the
inlet may have been minimized or elim inated. Undoubtedl y,
the inlet ’s performance and operation would have been en-
hanced if this had been true .

The data  shown in F iv ur e  41 for Mach 2.2 represent the
similar results pr evai lin-.~ at the lo~~-r Mach numbers. Add i-
tional inlet flow-field data drawn from the F-ill, program
are shown in Figures 42 and 43. In Fi gurc 42 , f l i gh t - t e s t
fuselage boundary- layer  p r o f i l e s  ~.i i e  shown for Mach 1.6 to
2 . 2 .  Shown in F igure  43 are model in l er - f a c e  pressure  da ta
at Mach 2.2 for the TP II inlet , located at B.L. 43 , t h a t
can be used w i t h  the  model data shown io Fi-~ure .~ i . These
data indica te  good f low to the TF II inlet up chrou:-~h 16°

• ang le of a t t ack  - spi l lage  of the boundary-layer air into
the in le t  is not a problem when t h e  b o u n d a r y - l a y e r  sys t em
handles  the f low properly .

4 . 1. 7  A l t e r n a t e  S p l i t t e r - P l a t e
C o n f igu r a t i on s

The data analysis performed i um’c - d i a t e ly  f o l l o w in : z  t he
tes t  i n  16E al lowed the  c o n c l u s i on  tha t a c-ia ss ical  shock-
h o u : da ry  layer  in t e r a c t i o n  p r o b l e m  ex i s t e d  a t  Mach 1.6

8/
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between the  norma l shock and the  f u s e l a - ’,c- bounda ry  l aye r .
Because of tha t conclusion , two alLcrnate splitter-plate
conf i gura t ions  were d e s i g n e d  and f a b r i c a t e d  for  the PWT 16T
tests.

In Figure 44 , throat-map data for the Basic Long-Plow/
Spli tter-Plate Inlet , Alternate Sp litter-Plate No. 1 , and
Al ternate Splitter-Plate No. 2 at Mach 0.85 are presented.
Indicat ions  are tha t  each m o d i f i c a t i o n  made an improvement .
However , as ang le  of a t t a c k  was increased on al l  the config-
urations and the fuselage boundary layer thickened as seen
in Figures 30 and 33 , increased spillage into the inlet oc-
curred.

A comparison of the Basic Splitter Plate and the Alter-
nate Splitter-Plate No . 2 at Mach 1.5 is shown in Figure 45.
The gain that was observed at Mach 0.85 witn Alternate
Splitter-Plate No. 2 was not realized at Mach 1.5. Instead ,
the throat  maps indicate de,~raded flow with the larger split-
ter plate. This degradation is attributed to the spillage
r e s u l t i n g  from i n s u f f i c i e n t  d ive rgence  of the  fuselage
boundary-layer-flow channel between the enlarged splitter
plate and the fuselage.

4 . 1.8  E f f e c t  of S p l i t t e r - P l a t e  Size/
S t a n d o f f - D i s t a n c e

Since throat-map data are not available at Mach 0.85 for
the  i n l e t  loca ted  at B.L. 45.64, the effect of splitter-plate
size and standoff distance must be analyzed by use of the
compressor - face  maps shown in Fi gure 46. From the f i gure , i t
appears that moving the inlet outboard makes a bi gger improve-
ment than enlarging the splitter plates. This conclusion was
reinforced by lower distortion in the outboard position.

4 
4.1.9 Flow Field Suiruiary

A susmiiary of all of the flow-field analyses discussed
in the previous subsec t ions  is p re sen ted  here.  As s t a t ed
ear l ier , the  conclus ion  reached a f t e r  t he  lbS t e s t s  was t h a t
a shock-boundary layer interaction problem was occurring.
This  conc lus ion  was based p r imar i ly  on the works of Seddon
con ta ined  in  Refe rences  5 and 6. In his  papers , Seddon
shows that separation will occur on f l a t  p l a t e s  from shock
b o u n d a r y - l a y e r  i n t e r a c ti o n  whe n the  s t r e ng t h  of the norma l

it
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shock exceeds Mach 1.3 (approximately) unless special pre-
cautions are taken to prevent it. Since the data being
analyzed was for Mach 1.6 and above and since the pressure
data depicted flow conditions similar to those shown by
Seddon , a logical conclusion tha t  a shock boundary- layer
interaction problem existed was reached.

Howev er , after the 16T tests , when the Mach 0.85 data
was analyzed and showed similar throat-flow patterns without
the presence of norma l shocks , it had to be co ncluded that
fuselage-boundary-layer spillage past the splitter plate was
entering the inle t.

The spillage theory was further substantiated from the
l6T tests when the inlet-throat flow conditions at Mach 1 , 2
and 1.4 did not improve over those recorded at Mach 1.6 in
16S al though the s t rength  of the norma l shock was reduced
below the predicted separation Mach number of 1.3.

Thus , with the Mach 1.6 flow-field rake data and sub-
sonic test results , it is now concluded that  spi l lage ,

- 
- rather than separation due to shock boundary-layer inter-

ac tion , is the primary proble m wi th the research model inle t
as desi gned and tes ted .  As noted before , modi f ica t ions  to
the  fuselage boundary-layer system can be made tha t should
result in an improvement to inlet operation and to engine!
inlet compatibilit y. The details of the proposed revisions
are discussed in the following subsection .

4.1 .10 Fuselage Boundary-Layer
System Modi f ica t ions

In the preceding sections , spillage of the fuselage-
boundary-layer air into the inlet was discussed in detail.
Correc tion of this spillag e proble m wou ld be des irable to
improve inlet operation and engine/inlet compatibility for
operation to Mach 1.6 or higher.

An exact cause for spillage of the fuselage boundary
layer into the inlet has not been definitely established.
However , w i th  the t e s t i ng  tha t has been done , the fo l lowing
po ten t i a l  so lu t ions  are recommended.  These inc lude :

4’
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1. Providing greater flow area for the fuselage
boundary layer by inden ting the fuselage and using
the short plow with the lonI’ or a modified split-
ter plate.

2. Blunting or cambering-in the splitter-plate lead-
ing edge to reduce any effect of flow misalignment.

3. Some combination of 1 and 2.

Figure 47 is a sketch showing the modified system tha t
incorporates the changes listed above.

As shown , the short plow replaces the long plow and
the fuselage is indented along the splitter-plate leading
edge. The barred region shows the increased f low area that
is obtainable with such a modification. Other potential
changes are to combine modify ing the sp l i t t e r -p l a t e  size and
shape with a fuselage indentation to match and blunting or
cambering-in the sp l i t t e r -pla t e  leading edge. Modi f i ca t ions
of these types could be tested and evaluated with a minimum
of additiona l testing. Such modifications would provide
greater sp litter p late leading ed ge to plow distance , in-
creased flow area , improved f low divergence , and a more
favorable pressure gradient behind the plate. The right com-
bination of these configuration changes will alleviate the
spillage problem .

4.2 INTERNAL DUCT FLOW

Earlier in the discussion it was mentioned that the
low-pressure region appearing in the compressor-face contour
maps at the three o ’clock position was the result of flow
separation due to the outboard bend in the duct. This bend
can be seen by referring to the sketch shown in Figure 5.
But inasmuch as this was not a development program , a re-
vision to the inlet duct li nes was beyond ~he scope of this
test program . But since the flow defect was recognized from
the l6S data , alternate approaches , such as duct vortex
generators (VCs) and duct blowing , were evaluated in the 16T
test. Both the VGs and blowing were installed on the in-
board duc t wall in an effort to energize the low-energy
spillage air but neither are effective . However , both the
VGs and the duc t blowing were effec tive in improving the
flow along the outboard-wall bend where separation occurred
as shown in Figure 48 . Both are effective at 50 ang le of
a t t ack  and below but are not e f f e c t i v e  at 100 and above.

99 

-
~~~~~~~

--- .- - .
~~~~~

- -~~~~~~ - -



T~~~~~~~~~
_
~~~~

_ - --—--.-- - - - - -  --- --- - - -  

-

_ ‘
~‘ 

-

- -

‘
I 

7. 

—
7.

-

~~~ f~\ ~~~ I ,

~~1 ~~~
- - — -- - - - - - - - - - 

~~

. - .-

~~

- -
~~~

‘- -  - - I -
I -: _ 7.’ f‘ N 6

- - ‘-4I “ 2 -  / —~~~

‘

~~~~~~~~~~~~~~~~~~

- 

~~~

- - 
- 

/ / -~ ~~ ,~ - - ‘- ‘.— / /
_ ‘

~
- . 

i —

,- - - .~~
-
~l— 7.1

// I
- /7 / I -

>1

// I

I ~~~
- - - —.--L. _. .

/ 
-
~~~~~~

100

I—- - - — —
~~~~~

- - - -- 

— ---



- -

I 

~.I !!~~~~! 
~l

E—.-. ~~~ ~~~~~~~~~ ~ 
~~~~ 

-

~~~~~~~~

- 

~~~

L&J 
—

--._

O i l

[q /

H

101

N- - S .



- — - - .- — - - .~~~~~~~~ 
——-- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

The reason is because the  hi gh -€ - i -i er gv  a i r  en t e r i ng  the  i n l e t
tends to flow along the upper part of t h e  duct as a ng l e  of
a t t a c k  is increased , push ing  the  sepa ra ted  low-energy air
toward the  bottom of the duc t .

Inlet pressure recovery decreased from 0.967 to 0.964
with VC Pattern 3 , as shown in Figure 48 . However , i n l e t
pressure recovery increased from ~J .972 to 0.975 with duc t
blowing. T h i s  improvement  was ubt ain i-d with a blowing fl ow
r a t e  of less t h a n  l7 of the  i n l e t  ( 1- I l - g i n e )  a i r f l ow . Conse-
quentl y, it was demons t r a t ed  diar the  d u c t - b e n d  s e p a r a t i on
problem can be correc ted  w i t h  VCs or duc t b lowing w i thou t
r e d e s i g n i n g  the i n l e t  duct .

4 . 3  INLET PERFORMANCE

In l e t  per formance  (p re s su re  r e c o v e r y ,  d i s t o r t i o n , and
t u r b u l e n c e )  a t  Mach 1.6 for  the  four i n l e t  conf i gura t ions
evaluated on the left-hand side of the model is shown in
Figures 49 , 50 , and 51. All four configurations were
t e s t ed  w i t h  the same in le t  duct  des igned for a throat  Mach
number of 0 .8. A f i f t h  c o n f i g u r a t i o n , the Basic Lon g-Plow/
S p l i t t e r - P l a t e  located at B .L. 45 .64 , des i gned for  a th roa t
Mach number of 0 . 7 , was eva lua ted  on the  r igh t - h a n d  side of
the mode l .  No pe r fo rmance  da ta  for the ri gh t - h a n d  i n l e t

- 1 are shown in this report because the sma l l e r  i n l e t  had good
perfo rmance and was the primary configuration. Right-ha nd
inlet performance data may be obtained from R e f e r e n c e  3.

From the data presented in Figure 49 , it can be seen
that the Short Splitter-Plate Inlet had the higher pressure
r ecovery .  Also , a very small  gain in pressure recovery was
realized when this inlet was moved outboard to B.L. 45.64
from B.L. 43.82. However , when the Basic Long-Plow/Splitter-
Pla t e  I n l e t  was moved to the  most outboard  p o s i t i o n  of B .L.
4 7 . 45 , a loss in pressure recovery  occu r r ed .  This loss is
a t t r i b u ted  to the  hi gher local Mach numbers to which the

-

I 
inlet was exposed.

Purely on the basis of the performance of these four
i n l e t  c o n f i g u r a t i o n s , the  Shor t -P low and Sp I . i t tcr -P la t e  In-
let  at B .L .  43. 82 would have been se l ec t ed . However , th i s
was a research i n let  t e s t  program to de te rmine  how wel l  a
simp le , open-nose , no rma l - shock  i n l e t  would  o per a t e  in a
wing-bod y f l o w  f i e l d  w i t h  the-  i n t en t  to ex t end  the  d a t a  base

4’ for  i n let  d e s i g n s .  It was not i n t e n de d  to s e l e c t  an opt imum
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conf igura t ion .  In add i t ion , th i s  research i n l e t  pro gram was
dollar-limited , which did not permit great flexibility. Con-
sequently, the number of inlet configurations were limited
and had to be preselected. Thus , the  Basic Long-Plow and
Splitter-Plate Inlet with a throat Mach number of 0.8 was
preselected as the primary c o n f i g u r a t i o n.  Simi larl y ,  the
Short-Plow and Splitter-Plate Inlet was preselected as a
secondary confi guration to be evaluated at Mach 1.6. There-
fore , a performance documentat ion of the  Basic Long-Plow!
Sp l i t t e r -P la t e  In le t  at B . L .  43 .82 was l ade up to Mach 2 .0
in l6S. Documentation of t h is  basic con f i gu ra t i on  across
the Mach range was then comp leted in 16T . The f u l l  set of
inlet  performance data for 50 aipha , 00 beta , from Mach 0.55
to 2. 0 , are shown in Figures 52 through 60. This same set
of inlet pressure recovery data was presented  re la t ive  to
the predicted inlet pressure recovery in Figure 2.

A second set of inlet performance data was obtained
for the Basic Long-Plow and Sp litter-Plate Inlet located at
B.L. 45.64 for Mach 0.55 to Mach 1.5. These data are pre-
sented in Figures 61 through Fi gure 66.

Inlet performance comparisons at Mach 0.85 for the
Basic Long-Plow/Splitter-Plate Inlet located at B.L. 43.82 ,
at B.L. 45.64, and for two VG patterns installed with the
inlet at B.L. 45.64 are presented in Figures 67 and 68. The
data in these figures show that VG Pattern 2 reduced both
inlet pressure recovery and distortion. VC Pattern 3 , which
worked on correcting the outboard-bend defect , decr eased
inlet distortion without reducing inlet pressure recovery.
Moving the inlet outboard showed no effect on pressure re-
covery , but it did reduce inlet distortion. Thus , it was
decided to test and document inlet performance across the
Mach range for the inlet at B.L. 45.64 as a backup config-

a uration for improved engine/inlet compatibility.

4 ’  Finally, the Basic Inlet and Alternat e Sp litter Plate
No. 2 at B.L. 43.82 are compared in Figures 69 through 72.
At Mach 0.85, no change in pressure recovery was seen at
50 angle of attack. But Alternate Splitter Plate No. 2 re-
suited in some increase in distortion at those test condi-
tions. At Mach 1.5 , the alternate splitter p late resulted
in losses in both pressure recovery and distortion. Conse-
quently ,  Alternate Splitter Plate No. 2 by itself , wi thout
any modifica tion to the fuselage to improve the fus e lage
boundary-lay er flow path , did not achieve the improvements
that were anticipated .
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at B .L. 43.82.
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Figure 55. Mr. 1.20-1.70 inlet pressure  recovery  for

the Basic Long-Plow/Splitter-Plate Inlet
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Figure 58. N0 1.62-2 .00 i n l e t  pressure  recovery for

the Basic Long-Plow/Splitter-Plate Inlet
at B.L. 43 .82.
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JFigure 61 . M0 = 0 . 5 5- 0 .85 i n l e t  Pr~~5SUre recovery fort he  Basic L o ng - P l o w / S p l i t t e r - P l a t e  I n l e t
at B.L. 45.64.
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Figure 64. M0 = 1.20-1.50 i n l e t  pressure recovery of
the Basic Long-Plow/Splitter-Plate Inlet
at B.L. 45.64.
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Fi gure 65. M0 = 1.20-1.50 inlet distorLion for the Basic
Long-Plow/Splitter-Plate Inlet at B.L. 45.64
for a = 50 and 13 = 00 .
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Figure 67. M0 = 0.85 inlet pressure r e e -o-~-er  ~~ four

in le t  conf i gura t ions  a t  a = 5° and 13- 0 g .
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Figure 69. M0 = 0.85 inlet pressure recovery of the Basic
Long Sp l i t t e r  P l a t e  and A l t e r n a t e  Sp l i t t e r  P la te
No. 2 at a = 5° and fi = 00.
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Part Inlet Configuration
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Figure 71. M0 = 1.5 inlet pressure recovery of the
Basic Long Splitter Plate and Alternate
Spli tter No. 2 at a = 5° and /3= 0°.
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In summary , i n l e t  p re s su rt -  r c - c u v &  rv for the Basic Loa-~--: P l o w /Sp l i t t€ - r - P l a tc -  I n l e t  is acceptab!c- over the full-Mach
- range t e s ted  in e i ther  t h e  B.L. 43 .82 or B.L. 45.134 posi-
- tion. Inlet distortion is somewhat lower , howc-ver , with
- the in le t  in the B .L .  4 5 .o4  p o s i t i o n .

- 4.4 ENGINE/INLET COMPATIBILITY

A c c e p t a b l e  e n g i n e/ i nl e t  c o m p a t i b i l i t y  is an impor t an t
c o n s i d e r a t i o n  in the  des ign  and deve lopmen t  of modern  in-

- lets. In certain applications of the inlet , compatibility
can be even more impor tan t  than  the i n l e t  pressure  recovery .

-- - 
Therefore , ex tens ive  ana lyses were performed to assess the

- - c o m p a t i b i l i t y  of the r esearch-mode l  o pt - n - n o se  i n l e t  and the
FlOl engine .

The following paragraphs contain a descripti on of the
ana lys is  t echn i ques , t I e  resu l t s  of the c o m p a t ib i l i ty  assess-
ments , and an extens ion of the t e s t  r e - s u i t s  to ‘r edic t  t he

J 

improvement in compatibility when  t i c- low-energy defect
- - 

- 
(Subsec t ion  4 . 2 )  is e l imina ted  from th c -  compressor  face .
It is s hown tha t  engine/inlet compatibilit y is very good

- - - with the Basic Long-Plow/Splitter-Plate Inlet positioned at
either B.L. 43.82 or B.L. 45.64 when the low-energy defect
is corrected .

- 4 . 4 . 1  Hi -Response  Data Ana lys i s  Techniques

The left-hand compressor face of the model was instru-
mented with 40 h i - r e s p o n se  and 40 s tead y - s t a t e  pressure-
probes , loca t ed  on cen t ro ids  of equa l a r c — i s (Figur e 2 0 ) .
The purpose of the h i - re sp o n se  probes  ~-.-as to pro v i de  t ime- -
variant data with which instantaneous distortion could be
evaluated and suhs eqa1-rlrI y, en ;i ie/ i n lc -t compatibility could
bc a s sessed .  A complete de s c r i p t i o n  of t h e  h i - r i - s p e n s e  d a t a
a c q u i s i t i o n , reco rd i i_ i~~, p r o c e s s i n g  t e c hn i q u e s  , anu 111 5 toy-

1 tion methodorogy is -given in Reference 7.

- - 
The various ste-ps of the hi-response analysis leading

r the c o mp a t i bi l i t y  -assessment arc depicted in F igu re  73 .
- From the total number of test conditions for a give-n con-

f i gur .i t ion , -arious conditions are sel&-c tv d fc :r  scr een i n g
- on Lne Ana log Distoi-tion Anal yzer (AD A . Tao ADA c c s r e t i n u —

ously calc ilnie s distortion for the entir e- 30 seconds of
recoiHeci  data m d  denotes the- peak value of distort ion - m d
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whe- r c- it  O c t -U S in t i m e - . I~ c:l , l~~ 1 1: u , s t  i l l  L t ~~~~ S (  ccc ic
t e s t  e nili t ien ,~ , a U .2— sc- ~ o:l : scicj )l: 01  t i . ~ ta c - -  n t u i n i n - . t i e -
peak a 1u of distort i - n  i s  d i g i L iz e- i ann processed through
(0-1 s ( I I  - i  t a  I J i s  t ur t  ice: deck (on p r o d i e c  t i on  at  G e ne r a l
Dv : r a i i i CS) . The d i ; i  tu l  vu l uc s  of  d i s t o r t i o n  a r e -  t h e n  u s e d
U p lot  u i  c - s t ic a t e d  c o m p a t i b i l i t y  enve 1 -ne- at  v A r i o u s  Mae- h —
a l t i t u d e  e O l - i b i C t J t i O f l S

Tb r c -u q oc t t h i s  r ep o r L  t i e  t e r n  ID denote- s t h e  GE s t a —
bi1i~ v i n c f t - x .  A v~lue 01 ID L-ss  t ha : 1 i n d i c a te s  acce~ ’ t —
ab le  L i gi a c/ i n l e t  ~- o:;1paLih1 i i t y ,  and a v a l ue  equal  to or
gre - . ter  t ban I i n d i c a t e s  q ot en t ia l  e- : gyi i r e -  sur e - . \‘a lu e s  of
ID s u p e r s c r i p t e d  b y an “~~~‘ wer e -  computed  on the  ADA ; non-
superscripted values were computed dit i ta l ly .

The GE d i s t o r t i o n  deck  a lso  c a l c u l a te s  “a l u e s  of the
distortion parameters , KD2 , usc-d for t i -~ - TF3 O eng i n e s . I t
was pointed out c-ar h e r  that the - inlet flow field of this
ri- searc h inlet and  t he  F-ill -ar - s i r l i a r .  Since TF3O c-n-
yi r m , - s  were- used in a l l  vers  ions  of the  F - i l l , the- - j a lu e  o f
KD2 ~enerated by the- con~)ressor-face- p~~t torn that produced
the peak value of ID is given herein as a vonvenient refer-
ence for those who wish to compare this research inlet to
the F-ill inlets.

The engine/inlet compatibility assessment of the FlOl
c-n~~ine and the advanced research inlet was based on the
fli~ ht (Macb-altitude) enve lope given in Figure 74. Althoug h
tru i s f l i g ht envelope was arbitrarily chosen , i t is thoug ht
to be representative of the requiremer.ts that would be im-
posed on an aircraft utilizing this engine/inlet combination .
The compatibilit y envelopes that fol low are presented fror.
t he  po in t  of view of the L/H inlet only; i .e., at positive
13 t he  i n l e t  is on t h e  lee s ide  of t he  f u s e l a g e  and at  ne-ga -
t i v e  13 it  is on t h e  windward  s i d e .  Hence , thc - negative 13
side of the enve lope  t y p i c a l l y  shows  a l a rg er  area of surge-
f re e  opera t ion  than  the  p o s i ti v e  13 s i d e .  However , for  a
twin-e ngine a i rp l ane  the c o m p a t i b i l i t y  enve lope  must  be a
mirror- image (symmetr ica l  about 13 = 00) of the most re-
s t r i c t i v e  d i rec t ion  of s i d e sl i p .

130

— ~~~ -_-~~~~~~ _ ~~~~~~~~~_ _1
__
_ _~~~~ — — - - S — ~~~————- - -



-~~

- - -

- —4 --

-

‘

\~~

5
\

\

-

131

.
~~~
--— 

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



___________________ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ -‘- -—~~~—- .—- -——--- - - - -  ———----- ------------ — —
~
-..—

~
.---- -

~~~~~
-
~~ 

_ _ _~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

4 . 4 . 2  C o m p a t i b i l i t y  A s s e s sm e n t  of the Basic
L o n g - P l o w / S p l i t t e r - P l a t e  I n l e t  a t  B . L .
45.64

4.4.2.1 Basic Inlet Without Vortex Generators

The t es t  condi t ions  se lec ted  for h i - r e s p o n s e  ana l ys i s
of the Basic Inlet confi guration at B.L. 45.64 are listed
in Table 5 (2 pages). The estimated compatibility envelopes
at Mach 0.85, 1.2 , 1.4, and 1.5 are given in Figures  75
through 78. A region of surge-free operation is available
at all Mach numbers ; the largest region is available at
Mach 0.85 and the smallest at Mach 1.2. These envelopes
were generated for altitudes along the upper boundary of
the assumed ¶light envelope which are the most adverse
flight conditions for engine-/inlet compatibility. Figures
79 through 81 present estimated compatibility envelopes for
lower altitudes at Mach 1.2 , 1.4 , and 1.5. The regions  of
su rge - f r ee  operat ion are en la rged  s i g n i f i c a n t ly at each
Mach number .

4.4.2.2 Basic Inlet With Vortex Generator Pattern 3

Earl ier  in Section 4 i t  was po in ted  out tha t a low-
energy region exis ted at the  compressor - face  as a resul t  of
flow sepa ra t ion  over the bend in the duct. VG Pattern 3 ,
Figure 13 , was t e s t ed  on the  Basic Lonr ~- P l o w ! Sp l i t t e r-P la t e
Inlet at B.L. 45.64 to evaluate its effect on the low-energy
reg ion .  This con f igu ra t i on  was t e s ted  at  Mach 0 .85 and
1.4 . The d a t a  show a gr e a t  i m p r ov e n i cn t  in t h e  s t e a d y - s t a t e
compressor-  face  p a t t e r n s , Fi gure 45 , d em o n s t r a t in g  t h a t  the
low-energy region can be corrected without major redesign
of the inlet and duct.

Those t es t  c o n d i t i o n s  se l e c t e d  feu - the  h i - r e s p o n se -
anal ysis  of t h i s c o n f ig u r a t i o n  ar .5- g iven  in l a b le  6. The
compatibi lity erive- lopes for this con fi gui -- et ion are given in
Figures  82 and 83 for Hach 0.85 and 1.4 , respective ly. At
Mach 0.85 , surge-free- operation is availab ]~ - at all tested
angle-of-at tack and sideslip co: .I i i ~~tions. At Mach 1.4
s u r g e - f r e e  o p e r a t i on  is ava ilahie out to  a s i d€ s l i g  of 20
for  ang le  of a t t a c k  between ( 1° and 10. 13° . a n d  at 0 s i d e sl i p
s u r g e - f r e e  o p e r a t i o n  is in d i c a t ed  up to a a ng l e  of a t t a c k
of 150 or :~io rc - . T h e s e  em -c  lopes were  .:c .~ r a t e d  for  aJ  t i t u d e s

l .~2
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S~~~ARY Ut ~‘ui~ t S i- .I H i  A) FOR iiL ~ ~1 L i:\3~ A~d\L1 I S
BASIC ~~N (-i’~~W/ SPLITlE k—i-’L~ TE I N t l - A  AT h . i~.

(l-ac ~e- 1 of 2)

~~rt~~ ~~ - 
V~~ ~~~~~~ ~~n~~~1D1~ LD,~~ KC~LJ .~

436-/ ~ .
~~~~~~~ - c/o ~5S 

- 
fi7Q c~~75~ ; .7/~7 ~~- - ~~~5 —

~43~- I 1  “~ -y- 4. .97/ 0.7~ .i- ’~i .f ~~f440- I A / ’  c~’ c - - t - . A
.442-i 

~ 
~~~~~~~~ .95G .i.Z~ ,545 .~~~~~

~ 443-I: I - io/ ~ ~~~~j 5  ~94 5 / 7 J  .673 - 

/. ~-A~ - 1/ ~ 4444-/ /c)/~ 35 ~s5-~ / 5 4  (
~~0

~445-/ , \ ic/c 359 ~~A4 J, S7 .S~~~ - ~~~~~~ 447-/ . - \ , / ~7/_4 358 ..963 . / . 08 .5/ Z -

448-1. ) 
. /3/-2. 3~~~~~ .s~~ 1.36 ~~~~~~~~~~ ~.67o. -- - — -  

:449-I / / . ~‘/o 357 .948 :1.56 .s~~. .957 . ~-o
- ,45o- i ; .85 ,‘3/Z 355 .S43 1.85 ,64/  f.C33 1&~~9.

452-f 1.2 o/c - .F5~3 .9~~~~ 88 .64! - ~~~~.SG6 —

~45F-Z~~ C-/~ \ .962092 .~~~~/4~34-/ \ ~/ - ) ~~~~~~~~~ ~~~~~~~~ -~~‘ .5 7-9
4~~~ 5~-/ \ / ~4 / T’f-~ ~~~~~~~ I — ‘ 

- 
-

~�5S-2 ) . 5/—~~~~~, ( .Hd~~3 Q• 0
~5 .~~:i5 L CL:

456-/ / .s/~ - ~~t~~~~~i ~~~~~~,~~~7/  I 5/2 \ ~A/ 7  -~-f~455~/ t, 5/4 - .936 /. C4 .777
.459-I . \ /0/4 . / . . 9 / - ~~ . 2.44 . 826

/~~~‘t ) 
- ( .v;1~ 4/SC .768 - : i-c~~

: 
~~~~~~~

~~~I-/ I ‘o/-4 \ ~~~~~~~~~ / o6  ~~~Z
/ d 2 \ / 

~
— ‘  76-5 ‘-~

--
~~~ 

—

,4~3-J 
/.~~~ j ~/ o 353 .942~ c7 ~ ./ ~4 j~~e~ ~~

‘
~~~~~~4-I~~ L2 i3/~ Y53 t iZ 3 2.36~~-g .~~~0:4~G-I /.4 c/c ~343 : .-946 . 1. 1/ .c ~:y/ .

47/ / I 5/0 ~ , ~/ ~~~~~
,

.472-1 ~.944 / ~44 .~‘s . -~-‘~~~~ ~~(C

:473-/. - - -~~~~~~~~ / .929 /.92 
- 

. 724
474-I / A/ 4  - / ,92 / -2.23 ,5A~~L

475-/ / r . -’-  I 94-s / ~6 s~~4%- i / \ ssa ~~~~~~ 
s_~z ~~

-

477-/ ,5/-2 ~~57 / (~~ . vi4
478-i j~~/Q 1 

~~~~ /~~u~ -
- 479-1: / ,9~’6 ‘/, 7C • f— 0 7 .  J . / 7~ /21 0 

-
480—i~ io/z : .~~4i /.c~~ - .  7~75 . /.- --1~7 YA3~

:4~!-/ :  1.4 / f / ’-Z 343 .933 i./ 5  .792 •
( ;f ~-9 ~~~~4 v2  / 3  

~~~ .j 33 ~~~~~~~ 
4~~ ~,s4~~-j / 5  ~~~~~~~~ 333 ~ -:i44-/ . /$~ , ‘Z  333 .E 1.54

*Denote s  value of ID from am -cm log cc:. u i t  c - n

l3~
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Table- 5 ( C e e n t ’ d)

SU?~1ARY OF POINTS SELECTED FOR :I-REs1~oNSE ANALYSIS
BASIC LONG-PLOW / SPLITTER-PU ~TE INLET AT B .L. 45.64

(Pa g€ - - 2 of 2)

‘~ C/~ W~ ~~~~ ~~‘~~~ z~~~s Ib,~4 k~2,)~
:~4~ -/: 1.5 - 3/o 333 .937 I/ , 27 : .527~

- ~5;:/4 - ~~ ~~
14 2 / 9  .A -u3 !  :j . o~s: 1173 -. 547- i . ~~~ . s/,~ - 

. ~ 2 :!.~~Z ~~~~~ - .9O~~~~ 851
// 

.945 1./ i  .f82

:~
4
~~-,: / : s/-4~ .-

‘ ..544 1.05 .-543
-
~~~
5

~~~
°-I: / jo/c~ .942 1.40 .625~ -

~
S5 i-/ :k  : /o/-4 ~~~~~753 1.05 .7/S 

1552
~~~~~L ~- ~~i~~/-2~ “- ~949 /. /-S ,i~77 . -

55~~/ / $ i~/z ~~~~ 935 / 63Z 724 ~~ 
- 

/ c~ 4 992 1
555-1 ~ /3/2  ~~~~~~~~~~~~ .787 : -
-5.56-!: /3/0 - 

1. .950 /.13 . .7~~~S , - - .~~~~~~~~~~ ~~6s:
~~~~~~~~~~~~~~~~~~~~~~~ 

/3/-Z,333 ~.953 I.oo .7Z8 ! ~~~~~

*Denotes value of ID from analog computer
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Numbers shown are values
of ID given in Table 5

*Denotes value of ID from analog computer .

(YC
/4

~67c 
-

/2 f 
-

~728 ~.-/u \ ~~~0 /0 ’4)
-

-

- - - 
Surge—free
operation

6

-3 -t

4

$ -w- - -

-4 -z A 4

Fi gure 75. E s t i m a t e d  c o m p a t i b i l i ty  enve lope- of the- ~nsic
Long-Plow/Splitter-Plate I:deL at B.L. 4 5 . h-t
with M0 .85 and altitude = 35 , 500 f t .

L - S ”-- -- 
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~
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Numbers shown are values
: of ID given in Table 5 - - -

- - *Denotes value of ID from analog computer.

DC 
--5- /4 - - - - - -

- 

~.o4o /.04~ */~~ 4 
0 0 - - - - - - 

- - -  - /~~~
- - - - -

~~03S L07~~ ~ ,27I
6 - -  /Q 0

- - 

0/3 ~~~~~~ :9~~~~~~~~~~ 1/7/

- - Surge—free  - -

operation
2

-972p

-: -4 -2 0~ .2 4

Figure 76. Estimated compatibility envelope of the Basic
Long-Plow/Splitter-Plate Inlet at B.L. 45.64
with M0 = 1.2 and altitude = 45 , 000 f t .
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Numbers S n o w 1 are- va lues
of  ID -g iv en  in T a b l e -  5

*Denotes va lue  of  15 iron. an a l o g  compu te r .

* I- ~e-

~~~~~~~~ ~dO0~ i.:~~ y

‘-~~~~ -~~~ ‘
- -~k~ 

~~~
- /6 4
u

Surge-free
op erat  10 1

2

—4 -2

Figure 77 . Estimated compatibilit y envelope o t the Basic
L o n g - P l o w / S p l i t t e r - P l a t e  In le t at B.L. 45.134

- - with M0 = 1.4 and a l t i t u d e  48 , 000 f t .
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Numbers shown are values
of ID given in Tabl e 5 

-

*Denotes value of ID from analog computer .

oC

~~~~

IA

93~~
0 /0 -

-
,

6

~~~~~ ~832 +809 / ~~~~~~~0 

~ / 
() -

~~

4 /
~- -- Su rg e—free

opera t ion
. 1  I

* g :- ~~. , ~~~~~~~~~~___ ___ —5-~~~--—---

.4 .~~~~ c- _ I  2 4

Figure  78. Es t ima ted  c o m p a t i b i l i t y  envelope  of the Basic
Long-Plow/Splitter-Plate Inlet at B.L. 45.64
wi th M0 = 1.5 and altitudi- = 49 , 500 f t .
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Numbers shown are- values of ID

- /4

- -

/0

8

6 
~~~

.~ 2I ~.89i / ~~~~~~~~~~ ‘-09 1
±—*-- - 0 / 0

- - - /
-
- 

-

- 
‘— Surge-free

opera t ion
—7

-4 --.- 0 2 - -. A

Figure  79.  E s t i m r - a t i - d  c o mp a ’ i b i l i t ”  We- lOp~ of the Basic
Long-iJo~- /Spl itt~- r-Plate in let at B.L. e5.6~
with t~ . = 1.2 and altituce. = 36 ,00() i t .  
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Numbers shown are values of ID

5- --
- 

14
: - I. Q~~

~0

- -5-

-~~~~~~~~ 
.a~ 7: /.C)OZ 

-

0- 10 h — -

-6  --- -- - - -

t%4 s~~i 
-

- - - 0- - - -

- 
-

4 - -  - — - -- -/ -

- S u r g e - f r e e
- - —- 

opera t ion  
-

- - -

—4 -
~~~~ 

4

Fi gure 80. Es t ima ted  c o m p a t i b i l i t y  e n v e l o p e -  of t h e  Basic
L o n g - P l o w / S p l it t e r - P l a t e  i n le t  a t  B .L .  45.64
w i t h  M0 = 1.4 and altitude -+0 ,000 ft .
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N ij : 9 c r - . s- .o~-.i arc- ~alut -i~ of lie

12 -

/0 ~~ —

-I- —

/

/

4 
/

/

1- - Surge - f r e e

- operation

Fi:~ure 81. Estimated compatibili ty cave L o p e  c - f  the- B-~ms i c
L o n g - P l ow / S p l i t t e r - P l a t e  I n l e t  o t  B .L .  4 5 . 0 -~
with N0 = 1.5 and altitude 44 . 000 f t .
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i~m b l c  6

SU1~1ARY OF POINTS SELECTED FOR P1-RESPONSE ANALfSI S
BASIC 1~~N G-P 1DW/S PLIT TER -P1~~TE INLST A L B. L. 45 .134

VORTEX GENERATOR PATTERN 3

~~~~~~~
. ~~~~~~ ~~ i’�:~ 

&.~I ~? ~~~-‘-.-~-
~~~~~ iD~~ ID,~~- KD2~~

A ‘-- / :  - ~~~ •~~r-~
- o Y ~~; : --5—

— —
_- f_ :  - c- -- - ,- - -

~~~~
- . . ~~~~~~g 

-
- I

— — -5 —, -— 5-
/ — cc _

— -- — -

/ / —

. ~:: ~~

~- D c ~ ao tc- s vol ue of 1D from analog computer
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N u m ber s s : c ~- -rm are v n l u ~ S

- o f ID g i - - t i n  Tab~~e 6 -

*Denotes value 01 lie 1 roe~ a la le~~~ coheput .-’- - -

/-c;

~~~~et5-
f_ I -

- _ __,—/-_~
_ 

~~~~ - ~~~- 0 ~2 - .’

- 
Sui- gL-i -~-ce

-~~ operd  Lion a t
all rest c.nid tL-ns

6

~
_ _-f_ - ~~~-~A ~ 7S~ ~/6~0

4

it
~~

-- ---—---—------ --- --— --------—e~~~~~~~~~~~~~~ -—--- -5-- --4 -2 0 4

Fi gure 82. Estimated compatibilit y of the Basic  e~ -ng-P1o~~/
Splitter-Pl ate Inlet , with \7orLL-x Generator
Pattern 3 , at B.L. .45.134 with M0 0.8~ and
al titud e- 35 ,400 f t .
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Numbers  s hown ar c  va lue- s
of  ID g i v e - n  i i i  Tab le  6

*Denot es  v a l u e  of ID f rom a na l o g  computer .

14

- - -

.742 .82Z --9’7à 1.242
-D 0 - q- 0- - -

*

_ _ 

\-.
~~~G4Z ¶~7~-~ .684 ~~~ - . I. /4~U

- - - - 

~~~~

. Surge- free _ . .  -

- - - - - operation

-1 -
~~~~ 

0

_ _____

~~~

_ _ _ _ _  

4

Figure  83. Es t ima ted  c o m p a t i b i l i t y  of t he  Basic  Long-Plow!
Sp l i t t e r - P l a t e  I n l e t , w i t h  Vortex Genera tor
P a t t e r n  3 , a t  B .L .  45 .64  w i t h  N0 = 1. 4 and
a l t i t u d e  = 48 , 000 f t .
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- ;  l o n g  L b c -  1 ) i ) ~~~c - ) ( - L L a - i - e r y  ol t i~~- ~ sS - g hi  L~~~~~L i ~~ - 4 , -
~~

- -

p a L  ibi li Ly is ev e n  ;c tt e r  a t  L e w c - r  ~ IL

-4 .4 .2 .3 ~ \~~~I I ~~t L O I L  01 \C P~ tL c-rei n - c :  ~- ‘i- ’ ioe /Inle- t Cc:
c-t tjbj i 1L ~~~

Compari’-a-: c of Fl gur -s 75 end 82 , and hi -- c r c s 77 an d  ~~
--~- - .-eal s the fleet of tu e  vortc-y g t - n ~ r otors on e-i -npa ri : Ll I t y .
N i t h  the VP., c i s  ta tl~~d , cur:patibi Ii ty is eohce n~ eel at b~~to
M-~ci~ 0.85 -d L . I - in s supports the c ,a-c lusioo of :~ui~sec-
tio n 4 . 2 that t h i s  \TG -u t t e r n  does cor e - c L  t h e  de fect .~~~~~~~~~~Sc

t h e s e  r e su l t s  i i  I n s  t ’~~~tc- ~ h -a t some- ~odifi ccr Lu0 Lu the - . - ; c :  t
bc :icj shou ld  he c- c e n s i ~~ - r ed  -n or L a  f u r t l i u r  t e s t s  ci t~1e . 1- - -
s cor c h  i n l e t .

- 4 .4 . 3 b a s i c  l c m - — P i u w / S p l i t t e r - P I c t - I n l e t
a t  B .L . 42 .~~2

4.4.3.1 Compatibility Assess::ent

The .- poiats selected for the hi—response 0 0 0 1 ’ S  i s  of
the Basic Inlet confinoration at B.L. 42. ~1 ar : l j S L c -G 111
Table  7 . The- c-st h :ac Ld cei~p-~tihi1ity c-nve-lc cpc- s 1 0 0  ~i e h  U . ~~
1 .2 , 1.4, 1 .3 , 1.6 , and  1.7 are gi’:e~ I a  Fi ;ur es - -4 tirn. rh
89 , respectively . ~<c- gions of su:-g -T -f rc e op~ ran T - n ero ava~ - -
able at all Mach numbers except 1.2; howe -ccr , ro e- r~-g i c - ns
at Mach 1.4 and 1.5 arc- smaller than desIred . d g3in , t flc ~c-
envelopes are for altitudes alon.~ the - upper boundary of ubc

— assumed flight envelope . ii cures 90 t i n a u g h  22 pncsL a t  toe
estimated cor potti Ti liLy e-:ivclop es at lover ~1t I tudos for
~i d c r -l 1 .2 , 1.4, 0 j TC i  1 .5 .  At cdeh Mach no: .bc-r L i l e -  r - -g i - -a of
sur ge—free ope-ratc:)n is colarved . llcwc -- .- c-r , ~~~ st  si gni t1~~
cant di fferi-nce: occu rs aL l-iac- h I . 2; at the- 1cc ~’er j  It  i Luc e
a re-nina of surge- — fri-c c:nc -ration is ava~ l~ - L c  - -i~ - r- :as O L
t h e  h igher a l t i t u d e  t h er e  was n o n e .

- 
- - 4 . 4 . 3 . 2  P r e d i c t e d  C o mp a t i b i l i t y  W i t h  t h c -  Lc~ - - i~n- -r~ 0 t e ~~:

Corrc-c ted

The Basic L o n g - P l o w/ S p l i t t e r - Pl a te  I~~1et -~ L B . L . 4 3 . 52
was not t e s t e d  with ‘-K~ P a t t e r n  3. H o w e - - er , c H -  ~~:-3r 0vet :c-a t
in compatihi lity , wh ich can be achi eved by corree dog the
l ow-erT-:r-y defec t , can he predicted by use of the avuilaiT iC

~~
4
~~

- . - 
~
./. ~~~~~~~~ 

- 
— - c 

-

_______
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T-ibl e 7

SUNNARY OF POINTS SELECTED FO~ HI-RESI’ftISE ANALYSIS
BASIC LONG-Pl~~W / SP L I T T E R - P l ~~TE I N L I T  AT B.L. 43.82

(Pa ge - 1 of 3)

Part- M0 oc/~ , 
W~ ,‘%/p~. ~~~~~~~~~~ ID-~- .W~~~r KD2)~

‘~~3— i .50 z/ ~ D~12- ~~~~ ~~~~ - -~~‘: •~ T(5j :-:5
1 7C-/ ,50 • :/- Z~~~ - o  c~5~) / r — .~-V 2 .s~~’ -;:--

~~;
/7 / -i  So 5/a I 3 /0  -~ / r-~ ~-,--~:: —

L~~ -1 .85 - s-/c - 357 : . fn ’~5 Q- t3I~ - .23 7 ~.f ~/ 7  -
- — -

~ 5/4 355 ~~~~ ~- S  - - -~~-3 - .~~~
- -: 533

2 5 / - I , I b / a  357 - .~~J5 ,- 7 2 ~ 663 - 27) ~~ 7
2~~2- /  / _ 3 

- 
.95/ I- a:- 

- .~ -P7 - 273 
c~~~0283 / 

/ / 0/ 3  354 .951 ~/ 3S  ~~SG 99~ 9~~j 
-

2~~1_,: / /C/-2 ~9-55 
- 

-
~~

-
~~~~ 

,.,s 
- .6/7 -232- / 0/2 3-56 - g A 7 O 3 i  .~~44

~3-i \ C/ 2  ~z~O T  C/ f  0 / 1 2 0 ~ c o l
294- 1 10/4- - 

35-V .oo~ - / . ~~~~~~ ~~~~~~~~~~~ iaae
297-2 .85 /

~/Z 35~ .945 /- -
~~ - / .03~~ 6~ 8:<~ 4-/ / 2 ‘ 0/2 353 - ~ / / ~~~~~ 

- ____

-. o/-z~ ~ 7 ~~~ / 00 /  678
. 935-- I . ) a/ a . o s o . -~~ .— 7.3 _ I_ 010 _ 

~ / 8~
337- I 

/ 
/0 1 ~~ - i i ~ ~ 3 • i.o~~~. ~ 77;

~~~~~ i 5/2 - / ~~~~~~~~~~ ~~~~~~~ 
1. 14 1 /057

339—/ I 5/4 - I .:-~
-
~~ ,‘.sa o~o~

- 
-

34~— J 5,1-2 / ,963 0.9f_ 
- .632 - - I04~ . ~ 93.

:-~~‘
--‘: ~ - ~/-4 ~ 2~~ :a-~~s ~~~~ ~/ o/ 4 t

342- J~ -\ ‘/4 / a  \ .S39 /.79~~~73~~ - J,285 1030.
~ .Y’-°-5 257 .1i- y~ ‘~‘i.4c3 -

-344-2 /2 - /C/ -4~~~53 ,,958~~/ . / 3 .92 Z - 11.O79 . 7c5~
34~-/ • /.2 13/a 353 .235 t6c  ~f - ~-/ 3  - 1. 15.3 / 198
3~7~~ / /.2 /3/2 353 olO .247 ~~~~ */,2~, S —
34-7-/ 1.2 j3 /—2 353 ~.S47 1~42 ~~~~~ - ~~/. / /9 — -3 / 7 - 1 1.4 a/O . 343 .949 , . 0/  247 ,

: 5/ 6 - I :  \ o/ ~ - 
‘
~~ .S47 . . / ’ 2 7~~ .95-p 4~~Z319- I :  \ - a/- 2 - \ ~~~~~~ aS~~ , - ‘~n5

~~ o-/  ) s/a .95/ / 2 3  .~i- - -1 J .O /7  550
~~~~ 1 c / . 5/4 - ) 

222 224 ~ e ;J  / 3 5 / —

32 / 
~~~~~~ 

/ ~~~~~ - 7 5  ~~~~~~ ~~~• 
~~~-i ~ / :: / 0 6  1 ~ 53

524-1 , ~ 5/_4 - ( ~~~:; -. s . - i ~ ~ 
/ 0/ a , \ ,~~40 / . Y /  .- -~?4 - 1. 19/ - ~~07 .

325- ! ~~~ \ 90~~~2.( 7 .~~ 23:
/ ‘ia / / 2  -

~~~~ / 
( (

~~~~ j  i~~~~~~~~ 0 ~~~ ~~
—

322~-/ , /~4 - /A/a 343 .~~47 1.56 - . ‘~V-~ - - / . 057, 905 .

- ces vol cc of I!) fro:.T analos computer

1~ 6
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/4 ~(/ ~ - 
~~ !z’~Ø:~ ~~~~ -

:330-/ /.~/ / ‘  
~~~~~

. 
~ 

‘ 

* / .9  -

~~( / 5  /n~ ~ 4 /2~- ~ C
_
\ ~.--c-  

~
z

•’i
__ _ __

~563—f I : 0/—2. ) ,S~~?~~/.2/ .,-11, - 7J7 

305-2 / ~~~~~ ( .-~~3 /.26 .s59~ .724- 479
.366 ’ i ( 5/2 

- j  : 225~ -/ - c~i3 .569 • 
~~~~~ / 20

30 / - i ~‘- ~/ 4 “ st~,~’ —

•3a8-/, 1.5 ,5/2 1 333 .94~ 1io4 758 ~
353-! 1.5 £/6~~~333 245 0.131/ - ZT 7 

-

3/ c - i  \ -
\ .937 ~~~- n- / 7 0  1. / A l  i ’a-6-) - A/4 I ~~~~ ~~~~ .~~44

312— f / e/ -4 ! .-~sz ~~~ . -~ -0- . -
~~,P2/

3 1 R - f  / /0 22 f - ~~ 769
3/ 4-1 ~ / 3/~ S Sc _ j
-~/ S- 1 5 / 7-a 3’9~~ ~ 2- I -

) _ S 7.:
- / 2-2 . /.~~ 

— .2-a 3/0 .30 ! 9-2  .5/6 !-5~
-
~~ 2 / 0~

/ 3- / \ 2/O 365 .5. 2~~~~~~-cA3 1. 1/0 55~~/3-2 , 340 - .513 2. IG .203 .~~ss ~—~s- 133  ) ~ 324 .916 2 2 /  . 6 /7
i3-S~ / - / 

310 .310 2 75 - 7~79 _ ?_ 7~-4 ~~~~~~~~~

/3-.: ( — 2SI 2-3 2 1 ,4, 5 .223-
/3 _- c~ 

\ ‘ 52 l lt- T 2u- -7 .75 / .830 -

/ 2 - 3 3  \ 2/0 07 • cT5,~~ a 7-7 /2
,4 -3 \ 2/2 10 9/~~ ~~~~~ 30 5 4 /  s~~
/5-2 5/4 ) ._ 53 5~~~?3 - 

.2 / S  /1~~~~~
- 

~ i .-4
/ 7-3  1 ~~,

‘- S’~~~2 o9 - 3 ---I /~~~~
-
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-I . / 2/C 34~~ 

.92 0 21 09 .7 3/  - .9 12 24/
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‘ ‘~ /~~ 22~ ~~3 24 233 ~ ~~ - —

‘~~ 1-2 / .~
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‘-Denotes v~-i1ue of ID fro- i .v-ialog ~r-uTputer
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SUN~~ RY OF POINTS SELECTED 1-(h< di-RE SIONSE ANAL ’~--i S

BASIC LONC-Pl~~W/SPLITTER-PLVl11 INLgT AT B.L. 43. -n2
(Po e 3 of 3)
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Number s shown are values
o f ID given in Table 7

*Denotes value of ID from analog computer
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Figure 84. Est12oted compaL ib ility o ;1vi-lo pc- oi th~ Basic
Long-Plow/Splitter-P late Inlet at 8.1 . 12.82
w i t h  M = 0 .85 and  a l t i t u d e  = 35 ,120 ft.
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Numbers shown are values
of ID g i v e n  in Table 7

*Denotes value of ID from a n a l og  computer

1_ _ /
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~~~~~~~~~~~~~~~~

1_ OVA /.55~0 /0 0

8
No region of
su rge - f ree
operat ion

61

/ n-42 - --. -4/
1 9

4

2

1- - -I -I I. , - / - ~~ ~ - 
-

2

Figure  85. E s t i m a t e d  c o m p a t i b i l i t y  enve lope of t he  Basic
Long-Plow/Splitter-Plate Inlet at B.L. 43.82
with M0 1.2 and altitude = 45 , 000 f t .
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Numbers shown are value s
of ID given in Table 7

-

~ 

*Denotes value of ID from analog computer
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Fi gure 86. F-7’Limatcd compatibility envI -l. o~)e of the 3osl
Long-Plow/Sp iitter— Platc- m 1  t oL B. - . -~+ 3 .
with M0 = 1.4 and ~] L L L / i d e  = .5 ,000 f t .
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Numbers show n are values
of ID given in Table 7

*Denotes value of ID from analog computer
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Figure 87. Es t ima ted  c o m p a t i b i l i t y  enve lope  of t h e  Basic
Long-P low/Spl i t t e r - P l a t e  I n l e t  a t  B .L .  43 .82
with = 1.5 and altitude = 49 , 500 f t .
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1- .. h-~-rs sho~ n ore values
O L ID given in T$le 7

~D~ notos value of ID from analog 
computer
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Figure 88. Es t imatee  c o m p a tib i l it y  e n v e 0~~e of toe Bas12
L on g - P l o w/ S p l  I t t c  ~- - i~i .-~ L c in ie~ at i. .. -.3 .
with 

~~ 
= I .e OCR alt ituce = 50 ,000 ft.
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Numbers shown are value s
of ID given in Table 7

*Denotes value of ID from analog computer
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Figure 89. Estimated compatibilit y envelope of the Basic
~~ ng-Pio~-7/Split ter-Placc- Tn let at B.L. 43.~~2

- 

-

~ - with M0 = 1.7 and alti tuec = )0,)00 ft.
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Numbers shown are value- s of ID
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- -  F i gure 91. Estimated compatibility e-nv~ lope of the Basic
Long -P low/Sp l i t t e r - P la t e  I n l e t  a t  B . L . 4 3 . 8 2
w i t h  M0 1. 4 and  a l t i t u d e  ~3 , 0OO f t .
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0 a L u  . I he pr- - ic tie a Lee mi a ue an d  th e -  ~)F i e I C ted c/-ulm t j  —

hi I i t v  i I i I I u o v . -i ~& - at Or e  j i : eo

In SubsL - ction - + 2 , it WOS Sh own  L Li Li L th~ -i ir f1e ’-~’ sc-pa—
aL e s  o f f  t h e  h a c k  s ide of t h e  duc t bend  -md C r - . -i t es  a rc--
I c i i  of  low—energy air on t h e  o u ta c - o r h  side cf thi c n r f r e s —
sor face . This region is ty p i c a l l y io c ar L - d  about  probes
i3 , 43 , and 53 , shown in 1-O gure  h~~. This pocket of low-

~~rgy air causes a very h i g h level of stead y-s tate- distor-
tion bL-cause- the GE distortion aic- t hodology is s u p e r sen s it i ve -
to a low reading on any probe- Ia Rings 1 , 2 , 2 , or 5 of the
c u l /p r e s s o r -  f a ce -  ins t r u m e n t a t i o n . 1~i e x c e s s i v e  l e v e l  of
s tea d y - s t a te  d i s t o r t i o n  can d o m i n a te -  th e -  i n s t a n t a n e o u s, or

lev i - i of d i s t o ri i o n  i f  t h e  i n l e t  t u r b u l e n ce  l ev e l
is low .

F u n c t ion a l l y t he  d ynamic d i s t o r t ion  uu~ - be e-xpre ssed
as the  sum of t h e  s t ead y - s t a t e  d i s t o r t ion  and some f u n c t i o n
of the  t u r b u l e n c e  l eve l  at the  compressoi  f a c e;  i . e.

ID DYN = IDs5 + ~
(
~~trn~s~~~t 2 )

Thus , i f  a duc t c o nf i : u r a t i o n  ch a n g e -  produces  a r e d u c t i o n  in
the  s t ead y - s t a t e  d i s t o r t i o n  level  w i t h o u t  i n c r e a s i n g  the
turbulence level , then the dynamic-distortion level will be
reduced  accord ing ly.  To i l l u s t r a t e -  t h i s  in a q u a n t i t a t i v e
manner , realistic compressor-face patterns icr an ‘improv ed ”
duct can be generat~-d by substi tuting new values for the
pressures in the low-energy region with the followir.g averag-
ing scheme . Consider Fi gur e -  93 ;  s u b s t i t u t i o n  v a l u e s , de-
n o t e d  by primes , for probes CF33 , CF43 , and CF53 can be
generated as follows :

CF33’ = (cF23 + CF32 + ~~ i 4 )/ 3
CF43’ = (CF33 ’  + CF 4 2  i- CF44)/3
CF53 ’ = (CF43’ + CF52 + CF54)/3

sy use of the substitution values for these three probes , a
new value oc steady-state distortion , ID~ 3, is computed.T hen the new va lue  of d ynamic distortion , ID DYN , can be
calculated by

ID ’ = ID ’ + [ID , - ID ‘DYN SS [ DY~ SS

- -n c-r e the  L~ re in brackets is d et e r i i i i i~~d fror - i t h e  va lues
g i v e n  in Table- 7.
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t h i s L i - c i l i qu e i-/as applH- (i L I )  t r i o S -  t e S t  C o n ai t iu : i s  in
T a b le  7 at 5° ai. ç li- — o i - i t t a e - k , 00 s i l i - s l i l ; , aid LI d-.-sign
airflow . The r i - s i r i L jag values of I i)~~~, 1D 1) .. , ID , and 1D~1~ .are  p l o t t ~ d in Fi gure ~)4 .  The- se va lue - s u f ~~ w~- 1~

1comp uce~
for altitudes along th~ upper  boundary c c  t h e -  assu:  ed f l i g h t
en v e l op e . I)t 1- tha t t he  dynam ic d i s tor t ion l e v e l , lD~ Y N ,
for an “ improved ” duct  c o n f i  g r i r a t  ion  i s  l e s s  t h a n  the  s tead y-
state- distortion level for the pres r t  duc t . Also , from
Mach 0.85 to i. e the dynamic distortion levc- l does not ex-
ceed 0.5 , which aceans t he  compatibIlity barrier at 1 .2 Mach
(Fi gure 85) has been e l i m i n a t e d .

Recall that the purpose of this prediction techni que
was to illustrate- that the Basic Ini c-t at B.L. 43.82 would
~am- acceptable eng ine/inlet compatibility if the low-energy
deft-ct was corrected . Further , recall that a prediction
was not necessary for the- Basic Inlet - i t  B .L .  45.64 because
data was available to SDOW that , with VI- Pattern 3 , compati-
bility was very -good. Because the low-energy defec t is a
duc t problem and not related to the incet f low field or inlet
location , the predicted improvement for the  inboard  loca t ion
s h o u l d  agree with the Lest data from the  ou tboard  locat ion .
The da t a  i i  Figures  75 , 77 , 82 , and 83 at  5

0 a n g l e - o f - a t t a c k
and 0° sides lip, show a decrease in ID of .25 at Mach 0.85
and .28 at Mach 1.4. From Figur e 94 the predicted decrease
in ID is . 2 2  at Mach 0 .85 and .32 at Mach 1.4. This is ex-
ce l l ent  a g r e e m e n t;  thus  the  — : al i d it y  of the prediction tech-
nique is strong ly supported by the test data .

In Fi gure  94 , i t  appears  t h a t  a t  Mach 1.6 and above
elimination of the l ow-ene rgy  reg ion does not  improve the
distortion level . Actuall y, wha t has n a-~pened is t h a t  the
boundary-layer i nges t ion  has c rea ted  a low-energy region on
the  u ppe r inboa rd  s ide  of t h e  c o m p r e s s o r - f a c e  t h a t  d o m i n a t e s
the dis to r t ion  c a l c u l a ti o n . This  can he seen i n  the  compres-
sor-face patterns in Figure 23 . I i  t h e  b o u n d a r y- lay e r  in-
gestion problem were eliminated , then the [o\-;- -ni -rgy region
produced by the duct-bend separation would anain d o m i n a t e
the- distortio n level . Above Mach 1.6 the increment between
stead y - s t a t e  and dynamic  d i s t o r t i o n  i n - ~~ cases  s h a r p l y be-
cause of a r ap id increase in t u r b u l e n c e  leve l .

4 . 4 . 4  Sumary of E n g i n e/ I n l e t  C o m p a t i b i l i ty

In the preceding subsections , it has b e en  sh n wn  t h a t
the Basic Long-Plow/Splitter-Plate Inlet , positioned at
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eithe r B.L. 43 . 82 or B.L. 45.64, has very good coiipatibili t-/-
with the FlOl ~ngine when the low-energy defect at the core-
pressor face is corrected. Further , it has been shown that
VG Pattern 3 corrects the  low-energy d e f e c t .  These comments
apply to altitudes along the upper boundary of the assumed
f l i ght enve lope , wh ich  are the mo st adverse altitudes for
compa t ib i l i t y.  Even w i t h o u t  correct ion of the  low-energy
d e f e c t , i t  has been shown tha t the Basic Inlet at either
B .L.  43 .82 or B .L.  45 .64 has acceptab le  compatibility at
lower a l t i t u d e s.
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5. C 0 N C L ~ 1 o N S

It I s cone lud~ J ~ rem t h i s  ~ro n i -ar .  c i at  a s irep !c - o .  -

lo se- , non-ni l —shoc h inl et ca~ o p e r a t e  i - m i l e  in the m t  luenec
of a wing—body flow r i e ~ d . The Bas i c -  2o :o : -P low/Sp ~it  Ler -
P l at e  I n l e t  at  e i t h e r  B .L .  43 82 or B . L . 4514 - is a c c ep t -

able inlet ~~/~O S S i i ~~. rd/ e-overv . Likewise , e-n c~iie /in1et cur--
patibilit y of the- Basic -ng-i’ iow/Spli tner-P ~ utC inlet
VII Pa t t e rn  3 is very good in e i t her  p o s i t i o n  t nr ou gh e .- u L  ::.e
selected ~-Lrcb—a lt iL ud - - envelope. Without VG Patter:. i , tI

Basic I n l e t  nas - a c c c -p t a h l e -  c -n g i ne / i n ie t  coe p a t i h l  ifte- in
either positIon at conditions slightl y below the 1 inp  r i c -i t-
hand bounda ry  o1 the- se lec ted  lIach-a ELI tude enve loac- .

Other spe- -o ii ic cony fu s i o n s  drawn fri . - the- a-ia ] ysi .-+ c
the test data - ir e :

1. The fusela g e :cu: cary— l~~yer an th e- re s- are : h c o - n - I
as tested - -~‘ c - g  thicker than the Ii C f l l - ’ / S c a l c u —
late ci by fla t—plate theory, wEic -re -as LI -par -si t o

was true Icr t h e -  F—ill.

2 . The  f l o w —  f i e l d  — o r - : i - vs show t h e  f u s e f c - -gc uoundae
layer  to he - -loi r e- : - : -- free t:~rorn v n c u t  t I e  ~ t~e n — a i p h a —
be ta  e a e - t -  lope -s  ce- s ted .

3. Spi l  lage of thc- fuselage- ooundary layer p a st  the -
s p l i t t e r  p l a t e s  i n t o  t h e  i n l e t  degi- a d e --d a l i t
p e r fo rmance , d i s tor tion , and engine ~~- n f e - t v orr i~~L 2 -
bilitv at all test conditions r en ar d e e s s  of 1a ’ e-c
s t an d o f f  p o s i t i o n .  I t  was cone lud c- -n , h o - -- : - ver ,
that an i c n p r c - i e - d in l e t  con 41 :Iura t i e -r i  cn . i  h i  pr a- -
duced by rn od if yfng ti-i c fuse-ia - ;e - boundary- ia’-cv
sys tem .

4. The out heard Irr ct ic- :-~d re-si ~1 cc i a some Ii~~ . s rn -
ration t i-i L m ere ~sed in l e t  a ~s tor t 4-n . h e n  a
the s epa ra t i on  phenomena  is c r r ~ec t i b i  - wi L a  d i r t
v or tex  g e n e r a t o r s  or duc t b I  - --~‘i n g  witho ut rede-sig :.-
in g the  duc t . Thi s  was u e : . r s t r a c - -I d i r L —.n LI
tests and results in a s gaifi.c iar d c-~- r e a s - -  1:
distortion a i d  s t I b S e q / 1 ( - t n.argcd in -rn - - e at  i
engin e/inlet compatibility.
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5 . i i i  i n l e - L was i r a -  i re: 1i~) si p - c r-aLien a L  all con—
(Ii Li ons t (St ((I .

6. The s i-parat ic - n o f f  L E c i -  bat-k oc the duct h e -n d
crea ted a regi on O f  low—e :ier-n n 011 a t  t h e -  con .-
pressor  face - , w h i c h  si gnifican t. ly increa sed the
s t e a d y - s t a t e  d i s t o r t i o n. A l t h o ug h  t h e  f l u c t u a t i n g
component of distortion was at -a realistic level ,
t he  high ste ady-sta te- c omponent  b ia s0 d  t h e  c i t .-
patibility ana lysis . It has b~ n shown tha t wh e n
the problem at the duc t bend is corrected , the
dynamic distortion level (steady-state + fluctu-
a t i ng  component) is acceptable across the Mach
range .
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